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Abstract 
Learning mathematics involves developing specialised identities associated with the 
competent practice of mathematics in the world.  Students from certain backgrounds 
experience difficulty achieving mathematical success as represented by specialised 
mathematical identities. In Australia, achieving mathematical success is particularly 
challenging for students from low socio-economic (SES) backgrounds and families 
where English is an additional language. Socio-economic status is established on the 
basis of parental education, occupation, income and place of residence. Students 
from low SES backgrounds are those whose parental education and other 
characteristics place them in a group known to possess decreased social and 
economic power (Australian Curriculum and Assessment Reporting Authority, 
2010). 
Students’ first experiences of school mathematics are formative in terms of 
ultimate achievement and disposition in respect to mathematics. Despite this, there is 
little research about how mathematical identities supportive of equity can be made 
available to young students. This study addresses that gap by investigating the 
practices of two teachers at Mirabelle School, a school that was more successful than 
schools serving similar student populations in enabling the mathematical learning of 
young students. At the time of data generation, Mirabelle School had historically 
included a large number of students from low SES backgrounds and families where 
English was an additional language. Utilising a critical case study design (Stake, 
1995) and drawing on Wenger’s (1998, 2003, 2010) theory of the community of 
practice (CoP), concepts from Bernstein’s (1990, 2000) theory of pedagogic 
discourse, and Pickering’s (1995) theorisation of agency, I examined practices 
enacted by the two teachers at Mirabelle who worked with students in Years 1 and 2.  
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The two teachers whose practices were investigated enacted distinct forms of 
pedagogy that privileged different forms of agency. One of the teachers enacted 
visible pedagogy that made the rules of mathematical discourse explicit. This made 
available mathematical identities of competence, as the rules for evaluating 
mathematical success were made known. The other teacher enacted invisible 
pedagogy with some visible elements. This made available mathematical identities of 
agency, for example, as students were encouraged to participate actively in the 
evaluation of mathematical communication. It also made available identities of 
inclusion, as students were encouraged to perceive relationships between their 
experiences and mathematics. However, students in this second CoP were provided 
with less guidance about the rules of mathematical discourse. Pedagogy that makes 
visible aspects of instructional discourse, such as the discourse of school 
mathematics, while relaxing norms governing classroom communication has been 
named “radical visible pedagogy” (Bourne, 2004, p. 61). This is the form of 
pedagogy formed as a result of the collective practices of the teachers observed. 
This study has two key findings. First, it confirms the power of radical visible 
pedagogy to promote equity for students of mathematics, describing in detail forms 
of teacher practice that comprised radical visible pedagogy in the CoPs. Second, the 
study shows that teachers’ practices have collective power to shape students’ 
mathematical identities. The role of the principal in the school investigated was 
pivotal because she structured curriculum delivery so that students experienced the 
distinct practices of both teacher participants. This structure made mathematical 
identities of competence, agency and inclusion available to all students in Years 1 
and 2 at Mirabelle.  
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Chapter 1: Introduction 
This thesis presents an investigation of mathematics teaching in two early years 
classes at Mirabelle School. Teaching being the process that brings into being a 
relationship between teacher and taught, as teachers engage in intentional practices 
for the purpose of translating, or recontextualising (Bernstein, 2000), knowledge 
from one context to another (Lampert, 2004). In the case of mathematics teaching, 
this involves the translation of formal mathematical knowledge into the classroom 
practice of mathematics. Young students at Mirabelle School, including students 
from backgrounds associated with low mathematical achievement, scored well on 
tests of mathematical achievement. The research examines how teacher practices in 
the two classes enabled these results. In doing so, it reveals how teachers made 
certain mathematical identities available to students: identities of competence (Horn, 
2008), agency (Anderson & Gold, 2006; Boaler & Greeno, 2000), and inclusion 
(Solomon, 2009). A mathematical identity of competence is formed when one views 
oneself, and is viewed by others, as competent in the practice of mathematics (Horn, 
2008). A mathematical identity of agency is formed when one views oneself as 
having the capacity to act on mathematical knowledge, such as by applying it to 
unfamiliar problems (Anderson & Gold, 2006). A mathematical identity of inclusion 
is formed when one views oneself, and is viewed by others, as active in the 
construction of mathematical knowledge and as someone whose perspectives are 
represented in mathematical communication (Solomon, 2009). Together, these 
identities underpin conceptualisations of numeracy as “a complex multifaceted 
sophisticated construct incorporating the mathematics, cultural, social, emotional and 
personal aspects of each individual in a particular context” (Maguire & O'Donoghue, 
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2003, p. 156). Enabling all students to achieve these identities, especially students 
from backgrounds associated with low mathematical achievement, is fundamental to 
the achievement of equity in the sense of “mathematics for all” (Gates, 2003, p. 31).  
In this chapter, I introduce the study, completing six tasks to orient the reader. 
Each of these tasks occupies a section of this introductory chapter. Section 1.1 
describes my motivations for undertaking this inquiry. Section 1.2 presents an 
overview of the conditions that provided impetus for the study. This overview 
describes the gap between the mathematical achievement levels of certain groups, 
leading to a conclusion that mathematics teaching cannot be considered effective if it 
is not also equitable. The status of empirical research that addresses issues of 
effectiveness and equity in mathematics education is also discussed, enabling 
identification of the research question. In Section 1.3, important concepts 
underpinning the research inquiry are explained, namely equity, identity and agency. 
Section 1.4 introduces the theories that frame the research: the theory of the 
Community of Practice (CoP) proposed by Lave and Wenger (1991) and later 
elaborated by Wenger (1998, 2003, 2010), Bernstein’s (1990, 2000) theory of 
pedagogic discourse, and Pickering’s (1995) theorisation of agency. In Section 1.5, I 
provide a brief overview of matters pertaining to the conduct of the study, namely 
the research design, the reasons for the selection of Mirabelle as the research site, 
and the contribution to knowledge. The chapter concludes with an overview of 
remaining chapters in the thesis (Section 1.6). A glossary of terms used in the thesis 
is provided in Appendix 1. 
1.1 Motivation for research inquiry 
I am an early childhood teacher currently working as a curriculum coordinator in a 
large public (government) school. I have worked as a teacher in public schools for 
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more than 20 years, often with students from backgrounds associated with low 
mathematical achievement. Like many early childhood teachers, I began my career 
as a teacher with a lingering unease about mathematics. It was the area of my 
teaching about which I was least confident. I took up the opportunity to research 
successful teachers of early childhood mathematics because I wanted to enrich my 
own professional knowledge and because I wanted to contribute to improving the 
quality of mathematics teaching for students in the early years.  
In recent years, the drive to raise standards has effected change in the way that 
young children learn mathematics at school. The veneration of student achievement 
data has encouraged pedagogies strongly focused on the individual. The power of 
developing the class as a community of learners has often been forgotten as teachers 
implement programs of explicit instruction, often without assisting students to 
negotiate the distance between their own experiences and the ways in which they 
experience maths at school. The teachers whose practice I investigated for this study 
present a timely reminder of the power of problem-centred, discussion-intensive 
pedagogies to facilitate deep understanding of mathematics as well as equitable 
pedagogical relations. 
1.2 Conditions driving investigation of mathematics teaching 
It is important that mathematics education is effective. As a result of educational 
participation, the community expects that students will learn mathematics and how 
to apply it (Australian Curriculum and Assessment Reporting Authority, 2011; 
Department of Education Science and Training, 2007). In order to become 
competent users of mathematics in the world, students must develop a number of 
mathematical and non-mathematical capabilities, namely conceptual understanding, 
procedural fluency, strategic competence, adaptive reasoning and productive 
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disposition (Sullivan, 2011). Acquiring these capabilities benefits not only 
individuals but societies (D'Ambrosio, 2003; Kernighan, 2011).  
 There is general agreement that all students should acquire the capabilities 
described above as a result of participation in mathematics education. Nevertheless, 
success in achieving the goal of mathematics for all remains elusive. It is clear that 
mathematics education is more effective for some than others (Jackson & Cobb, 
2010; Jorgensen & Perso, 2012; Solomon, 2009; Walshaw, 2011). This is evidenced 
by the significant “achievement gap” (Gutiérrez, 2008, p. 357) that exists for 
students from certain backgrounds (Australian Curriculum and Assessment 
Reporting Authority, 2011; Department for Education Employment and Workplace 
Relations, 2009). Narrowing this gap is of fundamental concern to mathematics 
educators and has become a focus for mathematics education research (Gutiérrez, 
2008; Howard, Cooke, Lowe, & Perry, 2011). 
1.2.1 The achievement gap 
Despite a plethora of initiatives designed to narrow the achievement gap identified 
long ago, analyses of Australian and international test data continue to associate low 
mathematical achievement with certain backgrounds (Perry & McConney, 2010). In 
Australia, low mathematical achievement is associated with low socio-economic 
status, as well as other factors including Indigenous status, geographical location and 
living in a family where English is an additional language (Howard, et al., 2011; 
Jorgensen & Perso, 2012; Zevenbergen, Niesche, Grootenboer, & Boaler, 2008). 
Educators in Australia (e.g., Jorgensen & Perso, 2012; Masters, 2009) and elsewhere 
(Gutstein, 2003; Martin, 2003) have for some time considered the achievement of 
greater equity for students of mathematics an urgent and important problem; indeed, 
a “moral imperative” (Gutstein, 2003, p. 38). It is not enough to identify teaching 
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practices that are effective in teaching students mathematics. Research must also 
reveal how mathematics teaching can be made effective for all students, including 
students from backgrounds associated with low mathematical achievement 
(Schmelkes, 2008).   
1.2.2 Identification of effective and equitable teaching practices 
Until the 1990s, research that addressed issues of equity and quality in mathematics 
education was situated mostly within the psychological paradigm that dominated 
mathematics education research (Apple, 1995). Since then, a range of alternative 
theoretical perspectives has challenged the perception of schools as neutral in the 
production of disadvantage. These alternative perspectives, including sociological 
and sociocultural perspectives on learning (see, for example, Goos, 2008; Lerman, 
2001), have directed research attention to the social and political dimensions of 
schooling. Particular attention has been paid to how schools and schooling are 
involved in the production and reproduction of social and economic disadvantage 
and how their involvement can be modified (e.g., Bernstein, 1990, 2000). 
 One of the outcomes of increased attention to the social and political 
dimensions of schooling has been an increased amount of research about the role of 
student identity in enabling equitable outcomes in mathematics education (see, for 
example, Boaler & Greeno, 2000; Cobb & Hodge, 2002; Grootenboer & Jorgensen 
(Zevenbergen), 2009; Lerman, 2009; Solomon, 2009; Walshaw, 2011). Little of this 
research, however, has explored the mathematical identity development of young 
children. This gap in the research exists despite the importance of the early years of 
school to the formation of mathematical identities (Anderson, 2006). 
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1.2.3 The importance of the early years of school 
Students who begin school with little school mathematical knowledge, as is common 
for students from backgrounds associated with low mathematical achievement, are 
likely to remain low achievers throughout their school life and beyond (Aubrey, 
Dahl, & Godfrey, 2006). The quality of students’ first mathematical experiences at 
school can have a powerful impact on later achievement (Young-Loveridge, 2004), 
suggesting that early mathematics education might have special power to ameliorate 
disadvantage (Griffin, 2007; Sophian, 2004). Despite the potential of early education 
to ameliorate disadvantage, some authors (e.g., Anderson, Anderson & Thauberger, 
2008) contend that early childhood mathematics educators are only just beginning to 
engage with issues related to equity in meaningful ways.  This study responds to the 
opportunity to contribute knowledge about the achievement of equity for students of 
mathematics in the early years of school.  
1.3 Equity, identity and agency  
While equity may be viewed as inseparable from quality as a priority goal of 
mathematics education, it remains variously understood (Gutiérrez, 2007). Before 
examining how certain teaching practices enabled the achievement of equity, I first 
describe how the term “equity” is understood in the study. Equity has two 
dimensions. The first dimension of equity is achieved when the mathematical 
performance of students is unable to be predicted on the basis of socio-economic 
status, race, gender, class, or other characteristics of the student (Gutiérrez, 2007). 
That is, when students from backgrounds traditionally associated with low 
mathematical achievement, such as low socio-economic status (SES) achieve at 
levels similar to those of other students (Walshaw, 2011). When referring to this 
dimension of equity, I use the term “equitable outcomes”. The second dimension of 
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equity is referred to as “relational equity” (Boaler, 2008, p. 167). This form of equity 
is associated not with the products of schooling, but with its processes. Relational 
equity is achieved when relationships played out in classrooms are respectful and 
based on mutual responsibility (Boaler, 2006).  
Equity is achieved when students come to see themselves and are seen by 
others as “legitimate mathematics learner[s] within the context of the classroom and 
other communities in which the child participates” (Walshaw, 2011, pp. 95-96). In 
order to be equitable, mathematics education must enable students to see themselves 
in this way and resolve conflicts with alternate discourses that might challenge 
students’ sense of themselves as legitimate learners of mathematics. This means that 
the production of mathematical identities associated with equitable outcomes and 
relational equity is the essential task of equitable mathematics education.  
Mathematical identities are the ways in which students see themselves, and are 
seen by others, in relation to mathematics (Horn, 2008).  More specifically, 
mathematical identities here refer to the ways in which students see themselves in 
relation to the formal discipline of mathematics as communicated in school. Young 
children have already developed considerable mathematical knowledge when they 
commence formal schooling (Baroody, Lai, & Mix, 2006). Much of this is informal, 
although increased participation in organised education and care programs means 
that many children experience some formal mathematics instruction prior to entering 
school (Sarama & Clements, 2009). As they progress through formal schooling, 
young children’s sense of themselves in relation to the formal, or school, 
mathematics grows. (School) mathematical identities mediate student access to 
important mathematical knowledge and enable communication and application of 
mathematical knowledge across multiple settings. This includes in students’ future 
 8 Chapter 1: Introduction 
lives, as in high status professions (Esmonde, 2009). This is because (school) 
mathematical identities determine how students see themselves as learners of 
mathematics and as potential users of mathematics in the real world (Solomon, 
2009). Hereafter, when I refer to mathematical identities, it is taken to mean 
students’ ways of seeing themselves and others in relation to the discourse of 
mathematics as practised in school. 
The discourse practices in which students engage in their classrooms shape 
students’ development of mathematical identities (Cobb & Hodge, 2002). When 
students are expected to align their practice with practices considered legitimate 
within mathematical discourse, then mathematical “identities of competence” (Horn, 
2008, p. 201) are made available to students. Students know what it takes to be 
considered a competent mathematician and can choose to engage in those practices 
or not. To take up a mathematical identity of competence, individuals must exercise 
agency, as they exercise their power to choose whether to participate in legitimated 
practices or not. 
When practice in a CoP enables the exercise of personal agency, then 
“identities of agency” are made available to participants (Anderson & Gold, 2006, p. 
264). Students are encouraged to see themselves, and are seen by others, as persons 
with power to act upon their world. Identities of agency interact with other identities 
to enable the development of numeracy. This is because becoming numerate depends 
on becoming a competent user of mathematics (identity of competence) and on the 
ability to apply mathematics to act upon the world (identity of agency). Concepts 
that theorise about various forms of agency and their relationship to identity 
production are included in the theoretical framework (Chapter 3), along with several 
others that I now introduce. 
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1.4 Theorising the production of mathematical identities 
The theoretical framework adopted in this thesis has been constructed by 
incorporating concepts from three different but related theories. These are the theory 
of the Community of Practice (Lave & Wenger, 1991; Wenger, 1998, 2003, 2007, 
2010, 2010), Bernstein’s (1975, 1990, 2000) theory of pedagogic discourse and 
Pickering’s (1995, 2008) theorisation of various forms of agency. These are now 
introduced. A more detailed account of the concepts that have been included in the 
theoretical framework is provided in Chapter 3. 
The concept of a community of practice (Lave & Wenger, 1991; Wenger, 
1998, 2003, 2007, 2010, 2010), or CoP, provides a method of exploring and 
explaining identity production. A CoP is a “community created over time by the 
sustained pursuit of a shared forward enterprise” (Wenger, 1998, p. 45). Participants 
in a CoP engage in practices that “reflect both the pursuit of [the shared] enterprise 
and attendant social relations” (Wenger, 1998, p. 45). Invoking the concept of a CoP 
in mathematics education research can help discern the relationship between teacher 
practices and emergent mathematical identities of students and teachers (Goos, 
2008).  
 The concept of the CoP has sometimes been interpreted as representing a 
type of progressive pedagogy (Ewing, 2004; Goos, Galbraith, & Renshaw, 1994, 
1999), meaning pedagogy capable of promoting equitable outcomes and relational 
equity. However, the concept of the CoP is also a method of explaining learning as 
well as a model of the social practices and relations that constitute the learning 
environment (Boylan, 2010). This latter use of the concept supports the idea that 
CoPs can take a range of forms. While CoPs can promote equitable student 
participation, CoPs can also inhibit relational equity (Wenger, 2003). The use of the 
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concept of the CoP to explain learning and create a model of social practices and 
relations is the one adopted here. This provides the study with an opportunity to 
discern the nature of social relations in the classes. Discerning social relations 
enables identification of mathematical identities made available and theorisation 
about forms of pedagogy supportive of equitable outcomes and relational equity. 
Relationships between pedagogy and mathematical identities made available to 
students in the classes observed are illuminated by applying concepts from 
Bernstein’s (1975, 1990, 2000) theory of pedagogic discourse to analysis. The 
concepts applied are classification and framing (Bernstein, 1975), vertical and 
horizontal discourse (Bernstein, 1990) and visible and invisible pedagogy (Bernstein, 
2000). These concepts enable description and explanation of the “generative 
relations of power and control” present in pedagogy and productive of various forms 
of knowledge (Singh, 2002, p. 1). Bernsteinian concepts used to identify 
relationships between pedagogy and identity production are supplemented by 
concepts developed by Pickering (1995, 2008) to describe forms of agency. The 
integration of these concepts addresses aspects of a critique often made of 
Bersteinian theory, that it inadequately theorises the role of agency in identity 
production (see Kanes & Lerman, 2008).   
Two concepts from Pickering’s (1995, 2008) theorisation of agency are 
included in the theoretical framework: disciplinary agency and human agency. 
Human agency can be described as an individual or group’s capacity to plan, 
implement and evaluate the attainment of a goal (Hernandez & Iyengar, 2001). 
When human agency is seen in this way, disciplinary agency can be understood as 
the agency, or capacity to act, inherent within the discipline itself (Pickering, 1995). 
Agency of this type is made up of patterns of interaction associated with established 
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conceptual structures and exercised when an individual submits or complies with 
standard methods or procedures associated with a particular discipline (Pickering, 
1995). To illustrate, in mathematics, individuals submit to disciplinary agency when 
they apply the accepted order of mathematical operations. Disciplinary agency, 
while exerting powerful influence, is insufficient to enable an individual to act on a 
mathematical problem. For students to act on mathematical problems they need to 
perceive and make choices about mathematical methods suited to various tasks. 
Making these choices depends on the exercise of human agency (Pickering, 1995). 
Pickering’s (1995, 2008) theorisation of agency has been taken up because it 
enables an investigation of how various forms of agency mediate, and are mediated 
by, pedagogy in the CoPs (see Brown & Redmond, 2008). This is captured in 
Pickering’s (1995) description of the “dance of agency” (p. 21). The “dance” 
involves the interaction of human and disciplinary forms of agency in a reciprocal 
relationship, shaping personal identities and discourses themselves. The notion that 
the interplay of human and disciplinary agency is integral to identity production has 
been taken up and applied to the study of mathematical identity production by a 
number of scholars (e.g., Boaler, 2003; Brown & Redmond, 2008; Wagner, 2004)   . 
I incorporate Pickering’s (1995) concepts of human and disciplinary agency into the 
theoretical framework, but further refine the concept of human agency to include 
both personal and collective agency (Hernandez & Iyengar, 2001). As collective 
agency involves the development of shared understandings and exercise of joint 
authority, this additional specificity enables investigation of how practice in the 
CoPs is supportive of relational equity.   
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1.5 Conduct of the study 
In this section, I summarise decisions made in respect to conducting the study. A 
detailed account of the research design and methodology is presented in Chapter 4. 
1.5.1 Selection of the research site 
Mirabelle School was selected as the focus of investigation for three reasons. First, 
students at the school had performed better on state-based tests of mathematical 
achievement than students in ‘like schools’, meaning schools where students were 
from similar socioeconomic backgrounds (Australian Curriculum and Assessment 
Reporting Authority, 2012). Second, the school was participating in a program of 
education reform called the New Basics. Third, representatives of the education 
authority responsible for implementation of the New Basics reform identified the 
school as one where the student population had historically included a large number 
of students from backgrounds associated with low mathematical achievement. 
The New Basics project included advocacy for the enactment of “productive 
pedagogies” (Department of Education, 2002, p. 1), such as implementing a 
problem-based curriculum, inclusivity, and developing a group identity. The intent 
of these pedagogies was to promote equitable social relations (relational equity) 
while enabling all students to gain important disciplinary knowledge (equitable 
outcomes). However, results detailing the reform’s ability to enable student learning 
of disciplinary knowledge were mixed, especially for students in the early years. 
When compared to students in like schools, students in New Basics schools achieved 
superior results on state-based tests of achievement in mathematics and English 
(Matters, Luke, Barrett, & Land, 2004). However, there was one marked exception: 
the relatively low performance of Year Three students assessed on standardised tests 
of achievement in mathematics. It appeared from these results that participation in 
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the New Basics project might impede young students’ development of mathematical 
identities of competence. Mirabelle School, however, did not follow this trend in 
students’ mathematical achievement. I decided to investigate how teachers at the 
school enabled the mathematical achievement of Year 3 students and the social 
relations produced as a result of pedagogies enacted. Thus, a research question 
emerged: 
How are practices enacted by teachers of young children 
participating in mathematics education at Mirabelle School 
supportive of equitable outcomes and relational equity? 
This question demanded description of teacher practices in the CoPs as well as 
explanation of how those practices enabled the mathematical success of students, 
including students from backgrounds typically associated with low mathematical 
achievement. The question also demanded investigation of the social relations 
established in the CoPs to determine whether relations reflected an equitable 
distribution of power. In cases where social relations were equitable, investigation 
sought to determine how equitable relations were enabled. 
1.5.2 Research design 
The study utilises a critical case study design, that is, a case study (Stake, 1995) 
framed by the values, interests and goals of critical research. In response to the 
research question, it investigates mathematics teaching in two early years’ 
classrooms, or CoPs at Mirabelle School. The two teachers whose practice is 
investigated taught their own class as well as a combined class of students from both 
classes during the course of the week. This meant that all students experienced 
participation in both CoPs over their time in Years 1 and 2 at Mirabelle School. 
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Because of this, the case study has three units of analysis. The first two are the CoPs 
and the third is students’ total experience of mathematics education in Years 1 and 2 
at Mirabelle School. The relationship of these units of analysis is further discussed in 
Chapter 4.  
Data generated in response to the research question comprised transcribed 
video recordings of mathematics lessons conducted in the CoPs, samples of student 
work completed during lessons observed, transcripts of individual interviews with 
teacher participants and the school principal, and concept maps co-constructed by 
participants and the researcher during individual interviews.  
1.6 Contribution to knowledge 
The study contributes knowledge to the growing field of inquiry into the 
formation of mathematical identities. First, it contributes knowledge about teacher 
practices productive of various mathematical identities. Empirical research that 
explains the role of various teacher practices in the production of mathematical 
identities has been conducted previously. However, very few studies examine the 
practices of mathematics teachers working with students in the first years of school. 
This study seeks to address that gap. Second, the study contributes knowledge about 
how a teacher collective can act to make available a broader range of mathematical 
identities than what is available in a single class. Third, the study contributes 
knowledge about the role of school leaders in shaping students’ mathematics 
education so that they might develop identities of competence, agency and inclusion 
associated with contemporary conceptualisations of numeracy. 
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1.7 Thesis overview 
The thesis has eight additional chapters. Chapter 2 presents a review of literature 
relevant to investigation of the research question. The literature review is followed 
by an outline of the theories that frame the research inquiry (Chapter 3). Chapter 4 
describes the research design and methodology. This is followed by a brief chapter 
(Chapter 5) that presents summaries of sample lessons delivered in each CoP. These 
are hereafter called “snapshot lessons”. The purpose of Chapter 5 is to contextualise 
data analysis. Analysis of the research data is presented in three chapters. These 
chapters (Chapters 6, 7 and 8) describe and analyse practices enacted during key 
mathematical events in the CoPs, namely introducing mathematical tasks (Chapter 
6), task completion (Chapter 7) and sharing solutions (Chapter 8). The chapter on 
introducing mathematical tasks (Chapter 6) analyses practices enacted by teachers as 
they introduced various tasks to students, such as building a shared understanding of 
contexts within which tasks were situated. It also describes practices that teachers 
used to engage students productively in tasks, such as demonstration. Chapter 7 
(Task Completion) analyses practices enacted by teachers as students engaged in 
tasks such as the investigation of open-ended problems and groupwork. The chapter 
on sharing solutions (Chapter 8) analyses practices enacted by teachers as students’ 
mathematical reasoning was explored, evaluated and extended in the context of 
teacher-student or class interaction. The thesis concludes with discussion of the 
research findings as well as implications of the findings and recommendations for 
future research (Chapter 9). 
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Chapter 2: Literature Review 
In this chapter, I present a review of literature relevant to the research context and 
question. The review situates the research question within the corpus of 
contemporary mathematics education research. To respond to the research question, 
investigation explains how participation in two communities of practice (CoPs) 
enabled equitable outcomes and/or relational equity for young learners of 
mathematics. Achieving equitable outcomes occurs when the distribution of 
mathematical success is not related to factors such socio-economic status (Hodge, 
Visnovska, Qing, & Cobb, 2007). Relational equity is achieved when students’ 
interactions are marked by respect and mutual responsibility (Boaler, 2006).  
To support investigation of the research question, two bodies of empirical 
research are reviewed. The first is empirical research into teaching practices that are 
effective, equitable or both (Section 2.1). Reviewing this literature supports 
investigation of the CoPs by identifying practices that may have contributed to the 
mathematical achievement of students. As this study is grounded in a view of 
learning as the production of identities, I also review empirical research that adopts 
the same perspective and examines mathematical identities made available to 
students through various approaches to mathematics education.  
2.1 Effective and equitable mathematics teaching 
As stated in the introduction to the thesis (Chapter 1), mathematics education is 
generally expected to enable the development of student capabilities that comprise 
numeracy (see, for example, Australian Curriculum and Assessment Reporting 
Authority, 2012; Council of Australian Governments, 2008; Department of 
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Education Science and Training, 2009).  To be considered effective, participation in 
school mathematics should enable students to develop conceptual understanding, 
procedural fluency, strategic competence, adaptive reasoning, and a productive 
disposition (Sullivan, 2011). In this section, I review empirical research that 
describes teaching that is effective in enabling the development of one or more of 
these capabilities, with particular emphasis on practices that support all students to 
develop these capabilities, especially students from backgrounds associated with low 
mathematical achievement. To put it more succinctly, I review literature that 
identifies mathematics teaching practices that are effective, equitable or both.  
A number of reviews have sought to identify practices associated with the 
effective teaching of mathematics (e.g., Anthony & Walshaw, 2008; Askew, Brown, 
Rhodes, Johnson, & William, 1997; Baturo et al., 2005; Reynolds & Muijs, 1999). In 
some cases, reviews have identified principles for mathematics teaching that is both 
effective and equitable (e.g., Pitvorec, Willey, & Khisty, 2011). In the Australian 
context, a recent review (Sullivan, 2011) distilled research on effective teaching 
practices, including empirical research and meta-analyses, into six principles for 
effective mathematics teaching, namely: 
1. Articulating goals 
2. Making connections 
3. Fostering engagement 
4. Differentiating challenges 
5. Structuring lessons 
6. Promoting fluency and transfer. 
Articulating goals involves communicating the mathematical ideas being taught to 
students and being clear about what students are expected to learn. Making 
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connections involves assisting students to perceive relationships between school 
mathematics and their experiences outside school, as well as relationships between 
new mathematical learning and prior learning. Fostering engagement means 
designing tasks that are rich and challenging and accommodate a range of methods 
of solution and representation. Differentiating challenges involves structuring 
teaching and learning so that there is a high level of teacher-student and student-
student interaction. Structuring lessons means organising instruction for maximum 
effectiveness, such as through the inclusion of small group investigation and class 
discussion. Promoting fluency and transfer leads to automaticity in the completion of 
mathematical procedures through methods such as drill and practice.  
The identification of principles for effective mathematics teaching by Sullivan 
(2011) represents a ‘distillation’ of information from a variety of sources. It was 
informed by various frameworks that outline effective practices of teachers, both in 
mathematics and more generally (e.g., Department of Education and Children's 
Services, 2010; Department of Education and Early Childhood Development, 2011).  
Identification of the principles was also informed by national and international 
research reviews (e.g., Hattie, 2009) and empirical research into the practices of 
effective teachers of numeracy, especially that by Clarke and Clarke (2004). The 
influence of Clarke and Clarke (2004) is both observable and highly relevant to this 
study (see Table 2.1). This is because Clarke and Clarke (2004) identified practices 
of effective teachers of numeracy to young children, after conducting detailed case 
studies of teachers involved in the Australian Early Numeracy Research Project. 
However, Sullivan’s (2011) principles reveal a greater concern with equity than was 
evident in Clarke and Clarke’s (2004) work. This concern is made explicit in the 
principle named “differentiating challenges”, which exhorts teachers to modify the 
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level of support provided to students according to their level of need (Sullivan, 2011, 
p. 27). Sullivan (2011) also elaborated upon Clarke and Clarke’s (2004) principles 
and described practices associated with each. To differentiate student support, for 
example, he advocated the use of extending and enabling prompts. While he 
provided some information about teacher practices, Sullivan’s (2011) description 
was ‘broad-brushed’. Sullivan, Clarke and Clarke (2012) responded to requests from 
teachers for greater specificity in relation to desired teacher practices, providing 
more detailed description of practices associated with each principle. The various 
sets of principles of effective teaching as identified in the Australian context that I 
have described above are summarised in Table 2.1, which also identifies themes 
common to these sets of principles. 
The elaborations provided by Sullivan, Clarke and Clarke (2012) address a 
concern earlier expressed by Boaler (2003). She considered placing too much store 
in principles to be problematic, expressing her view that teachers were not satisfied 
with advice that certain practices were effective. What teachers wanted and needed, 
she suggested, was information about how to make those practices work in the 
classroom. This guidance, she stressed, is especially necessary in pursuit of the goal 
of greater equity, as principles of effective mathematics education do not always 
apply equally to all students. Boaler’s (2003) views on the importance of describing 
effective teaching practice in “fine-grained detail” (p. 13) were formed during the 
conduct of a 4-year study of mathematics classrooms in California, USA. Boaler’s 
(2003) research team followed approximately 1000 high school students over four 
years. Students were participants in one of three mathematics programs; a reform 
approach (n = 106), a traditional approach (n = 467) and a conceptual approach (n = 
517). The reform approach involved students in open-ended, applied mathematics 
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instruction that covered all areas of mathematics. The traditional approach focused 
on algebra, then geometry, then advanced algebra using traditional methods of 
demonstration and practice. The conceptual method incorporated features of both the 
reform and traditional approaches. 
Boaler’s (2003) study involved both large-scale monitoring of the 
effectiveness of various approaches as well as close observation of teaching practice 
in focus classes. Focus classes comprised one or more classes using each of the 
approaches studied at each of three participant schools. The researchers observed 
and video-recorded lessons and also conducted interviews with teachers and selected 
students. Students followed during the study were socio-economically and ethnically 
diverse. When reporting on the study, Boaler (2003) described how one of the 
findings related to the complex nature of practice in mathematics classrooms. She 
argued that attention to the detail of teacher practice can reveal what practices work 
with particular student groups and why. I now review literature that examines 
teacher practices, organising the review around themes common to the principles 
outlined in Table 2.1.  In this review, I include research that documents effective 
mathematics teaching practices and also research that explains how teachers can 
make various mathematics practices effective. In particular, I consider how teachers 
can make practices effective for all students, including those from backgrounds 
associated with low mathematical achievement. 
2.1.1 Articulating goals 
The literature provides general support for the articulation of learning goals 
(e.g., Hattie, 2009). However, few studies document the effects of doing so during 
mathematics teaching, especially mathematics teaching of students in the early years 
of school. In the Australian context, McDonough and Sullivan (2008) utilised a case 
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Table 2.1 
Principles of Effective Mathematics Teaching: Australian Context 
Sullivan’s (2011) 
principles 
Clarke and Clarke (2004) 
pedagogical actions 
Sullivan, Clarke and Clarke’s (2012) principles Theme (Desired teaching practices) 
• Articulating goals • Mathematical focus 
• Expectations 
Communicate big ideas underpinning concepts being 
taught to students, identifying goals of teaching and how 
you expect that they will learn 
 
Articulating learning goals 
• Making connections • Connections Build on what students know, mathematically and 
experientially 
 
Making connections  
• Fostering engagement • Task features Design rich and challenging learning tasks that allow for 
multiple methods of solutions and representation 
 
Designing rich and challenging tasks 
• Differentiating 
challenges 
• Interaction Encourage high levels of teacher-student and student-
student interaction 
 
Structuring interaction in line with 
instructional goals 
• Structuring lessons • Organisation Encourage mathematical communication in small 
groups and require students to report back to class 
 
Promoting mathematical communication 
• Promoting fluency and 
transfer 
(None associated) Value and promote fluency, for example, by practicing, 
reinforcing and prompting transfer of learnt skills. 
 
Enabling procedural fluency 
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study method to identify benefits for middle school students who engaged in setting 
goals for their own mathematical learning. Their research involved the development 
and implementation of a goal setting tool. Use of the tool involved students in 
recording goals for a unit of mathematics study and selecting strategies that would 
enable them to achieve their goals. The tool later supported student reflection on the 
effectiveness of planned strategies and goal setting for the future. Zimmerman’s 
(2002) theorisation of self-regulatory processes was used as a referent during the 
tool’s development. Tool design was also informed by the work of Dweck (2000) 
and Ames (1992), who theorised that students’ orientation to learning is based on 
either mastery goals or performance goals, with goal type influencing students’ 
perceptions of educational success and their reasons for engaging in learning activity.  
During their study, McDonough and Sullivan (2008) worked with one Year 8 
class and the teacher of this class. The researchers observed two lessons, interviewed 
six students (three males, three females; two high, two middle and two low-
achieving). The class teacher was interviewed. The authors did not describe methods 
of data analysis, but presented examples of observation and interview data to support 
their claim that students and teachers viewed the goal setting tool as having potential 
to enhance student engagement in mathematics education by helping them identify 
learning goals and then devise practical strategies for achieving those goals.  The 
conclusion that the tool had potential to enhance student engagement in mathematics 
instruction was based on the expressed perspectives and preferences of students and 
teachers rather than analysis of student achievement. 
Goal setting was positively associated with mathematical achievement in 
another study by Yailagh, Lloyd and Walsh (2009). Like Sullivan and McDonough 
(2008), Yailagh et al. (2009) examined the effects of goal setting on students in the 
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middle years of school (aged 10 to 14 years). However, while the study by Sullivan 
and McDonough (2008) involved a single class in one school, the study by Yailagh 
et al. (2009) involved 99 students in the Seventh grade at several public schools in 
Canada. The research by Yailagh et al., (2009) also examined the effects of student 
involvement in goal setting on their mathematical achievement. Students were 
randomly selected to participate in a series of questionnaires designed to elicit 
information about their internal concepts of self-efficacy, goal setting processes and 
mathematical achievement. After students completed questionnaires, results were 
scored using a number of previously validated rating scales. Analysis of the data 
demonstrated that students who set high goals for themselves were more likely to 
achieve high results in mathematics. The study by Yailagh et al. (2009) was 
grounded in Bandura’s (1995) social cognitive theory of human functioning, which 
frames learning as a largely vicarious process achieved through the processes of 
observation and modelling. This contrasts with social learning theories that frame 
individuals as active in the construction of their own learning, such as Lave and 
Wenger’s (1991) theory of the community of practice.  
While the two studies described above identified goal setting as having positive 
effects, neither described teaching practices or explained the effect of teaching 
practices on learning. Instead, they focused on features of a goal setting tool in the 
case of McDonough and Sullivan (2008), and internal characteristics of students in 
the case of Yailagh, Lloyd and Walsh (2009). I was unable, despite a diligent search, 
to locate any research that specifically documented the effects of setting learning 
goals with students in the early years of school. Likewise, I was unable to locate 
studies that provided fine-grained detail about teaching practices supportive of 
effective goal setting. This suggests that any information on how teachers might 
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effectively involve students, particularly young students, in setting learning goals 
would form a contribution to knowledge. 
2.1.2 Designing rich and challenging tasks 
 
Task design is acknowledged as an important influence on students’ engagement in 
mathematical learning (Breen & O'Shea, 2010; Sullivan, Clarke, Clarke, & O'Shea, 
2010). Task design also influences the development of student capabilities 
considered desirable by mathematics educators, namely conceptual understanding, 
procedural fluency, strategic competence, adaptive reasoning and productive 
disposition (Breen & O’Shea, 2010; Clarke & Roche, 2009; Doyle, 1988; Lotan, 
2003) . In the past, students’ involvement in mathematical tasks that demanded the 
solution of complex open-ended problems, particularly problems situated in real life 
contexts, was often limited. A review documenting an historical perspective on 
mathematical problem solving conducted by D’Ambrosio (2003) concluded that a 
view of problem solving as the application of mathematical principles dominated the 
field of mathematics education for at least 150 years prior to 2000. However, the 
application of mathematical principles was often abstract, based on a view of 
mathematics as a mental discipline and its application as an exercise in “sharpening 
the mind” (Whitehead, 1929, p. 5). The dominant view, according to D’Ambrosio 
(2003) was that understanding mathematical principles would automatically make a 
person good at solving problems situated in real-life contexts. In line with this view, 
school mathematics was concerned with enabling understanding of mathematical 
principles, not practice of their application in real life settings.  
 This view of problem solving as being an outcome of school mathematics 
rather than a part of instruction has been challenged in the last 50 years. The 
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relationship between tasks of various designs and student learning has been 
examined on many occasions. Hiebert and Wearne (1993) for example, utilised a 
quasi-experimental research design to compare the effects of involving students in 
mathematical problem-solving to textbook-centred instruction. Their study involved 
six Second Grade classrooms in the United States and was framed by social-
cognitive and social-constructivist perspectives that highlight the role of student 
interaction in mathematics learning. Students in the classes demonstrated a wide 
range of mathematical abilities, with mean mathematical achievement slightly above 
average.  
Four of the six classes studied by Hiebert and Wearne (1993) continued to 
engage in the textbook-centred instruction that dominated their school program. In 
these classes, the task in which students were mostly engaged was the practice of 
mathematical procedures using methods demonstrated by their teacher. The other 
two classes were involved in an alternative program, designed by the researchers, 
wherein they engaged in contextualised mathematical problem-solving and 
discussion. The authors’ goal was to explore how engagement in the two different 
types of mathematical tasks affected student mathematical learning. Written 
assessments of place value and multi-digit addition and subtraction were 
administered at the beginning, middle and end of the intervention. In addition, 
approximately half of the students were interviewed following their written 
assessments. All classes were observed once a week for 12 weeks. Teaching was 
audio-recorded and observers made supplementary field notes. Audio records were 
transcribed and analysed by coding according to emergent categories related to 
question type.  
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Following data analysis, Hiebert and Wearne (1993) identified nine question 
types used in the classes. They also counted the frequency of various types of 
classroom talk and categorised problems presented by type. Using these methods, 
they showed that student understanding of place value and ability to complete multi-
digit addition and subtraction procedures produced greatest gain in the classes where 
teachers organised instruction around unfamiliar problems rather than mechanical 
drill, and involved students in discussion of their methods and solutions.  
The impact of task design on students’ mathematics learning was also 
examined by Stein, Grover and Henningsen (1996). These researchers analysed a 
stratified random sample of 133 mathematical tasks implemented by three teachers 
participating in a national project of mathematics education reform in the USA. The 
reform was designed to promote and investigate enhanced mathematics instruction 
for middle school students (10 to 14 years) in low SES communities. Trained 
observers conducted classroom observations, producing narrative summaries from 
detailed field notes and video recordings of lessons. Summaries were analysed using 
a Classroom Observation Instrument developed for the study. This instrument 
involved the allocation of 19 codes, some of which were drawn from a review of 
literature on academic tasks and others that emerged from the data. Two aspects of 
the tasks were analysed, their features and their level of cognitive demand. Features 
examined were the number of solution strategies allowed, the number and kind of 
representations accepted and the communication requirements of the tasks. Cognitive 
demands assessed included memorisation and the selection of appropriate 
mathematical procedures. Stein et al. (1996) concluded that students performed 
better when mathematical tasks promoted the use of multiple solution strategies, 
forms of mathematical representation and explanations.  
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Much of the empirical research that documents the positive effects of involving 
students in complex, open-ended tasks describes the participation of students in the 
middle years of school. For example, Turner, Gutiérrez, Simic-Muller and Diez-
Palomar (2009) conducted a critical ethnographic study of an after-school maths club 
for Latina/o elementary school students in a town on the USA/Mexico border. The 
club was held twice a week with approximately 20 students attending. Club members 
were from the Third through Sixth Grades and of mixed abilities. Data were 
collected over two years for the purpose of exploring tensions and dilemmas that 
arise for teachers when attempting to design and present mathematical tasks that are 
personally and socially meaningful to students. During the study, students were 
presented with mathematical tasks of this nature and observed while engaged in 
those tasks.  
Data generated by Turner et al. (2009) comprised video-recorded observations. 
Video data were summarised and clips of between 5-15 minutes selected for 
transcription and further analysis. Clips were selected because they showed students 
using one of the knowledge bases relevant to the research question: community, 
classical or critical mathematical knowledge. Alternatively, a clip was selected for 
analysis because it demonstrated tensions experienced by students as they sought to 
integrate various knowledge bases. In addition to the video data, selected students 
and parents participated in semi-structured interviews that were audio-recorded and 
transcribed in full. Turner et al. (2009) used a grounded theory approach (Strauss, 
1987; Strauss & Corbin, 1990) to identify emergent categories within the data, which 
were then used to code transcriptions.  
After analysing data, Turner et al. (2009) identified two tensions that arose 
during the implementation of the mathematical tasks. These were difficulties 
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balancing multiple knowledge bases and selecting contexts that were both authentic 
and accessible. They also identified a number of affordances that they considered 
potentially transformative, meaning that tasks had the potential to change both 
students’ relationship to mathematics and their capacity to competently engage in 
mathematical activity. These affordances were the privileging of community 
knowledge, support for students’ critical engagement with mathematics and 
promotion of a productive disposition towards mathematics. One of the 
recommendations made by Turner et al. (2009) in respect to implementing complex, 
open-ended tasks related to students’ experiences was that teachers should make the 
mathematical features of such tasks explicit to students so as to make them more 
accessible. 
Another study that examined the effects of engagement in open-ended 
mathematical tasks on the mathematics learning of middle-school students was 
conducted by Weber, Radu, Mueller, Powell and Maher (2010). This second study 
was longitudinal and conducted over a three-year period. Like Turner et al. (2009), 
Weber et al. (2010) examined the effects of participation in an after-school 
mathematics club. And, again, the club was convened in a low SES school, this time 
in New Jersey in the USA. The club represented a teaching experiment as it was 
convened for the specific purpose of investigating students’ development of 
mathematical autonomy. Students involved in the club were video-recorded while 
working on the mathematical tasks. 
The student population at the school investigated by Weber et al. (2010) was 
98% African-American or Latina/o. Twenty-four students in the Sixth Grade 
volunteered to participate in the maths club. These students were representative of 
the general student population of the school in terms of grades, performance on 
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standardised tests and SES. Weber et al. (2010) described the initial phases of data 
analysis, covering the first three weeks of the program. During that time, students 
attended two club meetings per week, with each meeting lasting 75 minutes. At the 
club, students were involved in open-ended mathematical tasks. While working on 
the tasks, students were encouraged to explain and justify their solutions and 
methods of working. However, the researchers did not comment on whether or not 
answers or methods were correct. Rather, they left students to arbitrate the 
correctness or suitability of answers or methods. The study conducted by Weber et 
al. (2010) was grounded in a view that mathematical participation and learning 
depends on three things: the nature of mathematical tasks presented to students, 
students’ expectations and beliefs about their roles as mathematical learners and 
social norms operating in the learning environment. Early data analysis showed that 
students regularly posed challenging mathematical problems for one another to solve, 
justified their solutions, actively listened to one another’s justifications and in some 
instances, challenged each other.  
To analyse interaction in the clubs, the researchers reviewed the videotapes 
independently of one another and documented any examples of students operating 
autonomously. There was a high level of agreement among the researchers as to 
instances of autonomous action and differences were discussed and resolved. The 
researchers then focused on instances where productive social norms were evident 
and examined how teachers negotiated those norms with students. For example, 
when teachers asked students to share their findings with others, then explain or 
justify those findings, and when teachers required students to attend closely to 
students presenting results. Weber et al. (2010) attributed teachers’ success in 
improving student participation in part to task design. Mathematical problems 
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presented to students were different to those students had seen before, with students 
unaware of a procedure that could be applied to the solution of the problem. This 
forced them to rely on their own mathematical resources. Also, the problems were 
open-ended, allowing multiple solutions. This created a need for explanation and 
justification. Both of the studies presented above (Turner et al., 2010; Weber et al., 
2010) examined the participation of students in the middle school in solving open-
ended mathematical problems, reflecting a generally accepted view that problem-
solving is an effective mathematics pedagogy in the middle years.  
While problem-solving is generally considered supportive of the mathematics 
learning of middle-school students, some authors suggest that involvement in 
problem-solving is unsuitable for students in the early years of school (Westwood, 
2011). Others argue that young children should not be excluded from such activity 
and that they can and should engage in mathematical problem-solving (Diezmann & 
Yelland, 2000; Kilderry, Yelland, Lazaridis, & Dragicevic, 2003). This latter point-
of-view is based on research evidence that documents young children’s capacity to 
engage in the analogical and mathematical reasoning necessary to solve 
mathematical problems. For example, Deal and Henry (2004) conducted 10 in-depth 
case studies of students attending preschools and elementary schools in the USA and 
Australia. After analysing data generated from classroom observation, formal and 
informal teacher interviews, collection of artefacts and the administration of 
standardised tests, Deal and Henry (2004) found that young students (4-8 years) 
developed analogical reasoning in parallel with mathematical reasoning, regardless 
of whether or not they received explicit instruction in analogical reasoning. Their 
research sought to counter what they considered to be the dominance of cognitive 
learning theories in mathematics education research. In line with this goal, they 
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examined students’ reasoning within the context of classroom interaction. However, 
they did not examine differences in teaching students studied or draw conclusions 
about teacher practices supportive of young students’ mathematical and analogical 
reasoning. In presenting their research, they proposed the investigation of factors 
meditating young students’ development of mathematical and analogical reasoning 
as a suitable topic for further research.  
Research conducted by Deal and Henry (2004) and others (e.g., English, 1997, 
1999, 2004, 2004) that examines young students’ mathematical and analogical 
reasoning has recently been supplemented by research documenting young children’s 
engagement in problem-solving that involves data modelling. This research responds 
to suggestions that the “biggest challenge” for early mathematics educators is to 
“find ways to utilise the powerful mathematical ideas developed in early childhood 
as a springboard to even greater mathematical power for these children as they grow 
older” (Perry & Dockett, 2008, p. 99).  
A three-year longitudinal study involving three classes of students in the First 
Grade (5-6 years) was conducted by English (2010, 2011) in Brisbane, Australia. The 
study involved students, teachers and researchers in conducting a teaching 
experiment. During the experiment, small groups of students participated in a series 
of three multi-component problem activities that involved data modelling. English’s 
(2010, 2011) research was grounded in a models and modelling perspective 
(Zawojewski, 2010; Zawojewski, Lesh, & English, 2003), which is located in a 
psychological research paradigm. Modelling involves interpreting a problem 
situation where a “system of interest needs to be represented by a mathematical 
system” (Zawojewski, 2010, p. 238). English’s (2010, 2011) research documented 
the involvement of two focus groups made up of students of mixed achievement 
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levels.  Lessons involving these groups in problem activities were video and audio-
recorded and then analysed to draw conclusions about task design, effective teacher 
practices and levels of student engagement. According to English (2010, 2011), 
young students are capable of engaging productively in problem solving activities 
that involve data modelling. This research also demonstrates that the quality of task 
design influences levels of student engagement. 
 While cognitive psychology remains influential as a theoretical foundation 
for research into mathematical problem-solving, research from sociological and 
sociocultural perspectives also explores young students’ productive engagement in 
mathematical problem-solving. For example, Cobb, Yackel and Wood (2011) 
conducted a teaching experiment in a Second-Grade mathematics classroom in the 
USA over an entire school year. The purpose of their experiment was to investigate 
the emotional acts in which teachers and students engaged during mathematical 
problem-solving. They reported that the young students observed engaged in positive 
emotional acts while engaged in solving mathematical problems. Students’ positive 
response to problem-solving in the class studied was attributed to the overt attention 
given by the teacher to establishing positive social norms. This research, conducted 
from a sociocultural perspective, aligns with what Lerman (2000) called the “social 
turn” (p. 19) in mathematics education research, meaning an increased engagement 
with theories that frame mathematical knowledge as socially constructed. 
As shown, research from several theoretical perspectives (e.g., psychological 
and sociocultural) documents young students’ ability to engage productively in 
various mathematical problem-solving activities. Nevertheless, historically such 
tasks have not been widely implemented in Australian early years classrooms. A 
decade ago, a study by Bana and Walshaw (2003) identified activities most 
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frequently used by a sample of Australian (n = 67) and New Zealand (n = 72) 
primary school teachers when teaching mathematics. Primary school in Australia 
encompasses the first six or seven years of students’ compulsory education. Practices 
were assessed by administering questionnaires to student teachers working with each 
of the participant teachers. All teachers utilised several approaches in their classroom 
practice, but the most prevalent were teacher talk and the use of worksheets (See 
Table 2.2).  Groupwork, discussion and hands-on activities were far less prevalent.  
Table 2.2 
Activities Used Mostly in the Teaching of Mathematics 
 
Activity 
 
Australia %ª 
 
Teacher talk and exposition 65 
Students completing a worksheet 55 
Students asking questions 43 
Group work and cooperative activities 33 
Students engaged in whole-class discussion 33 
Students using hands-on equipment 30 
Note. Adapted from “A Window Into Mathematics Communities of Practice in Australia and New 
Zealand” by J. Bana and M. Walshaw, 2003, Proceedings of the 26th Annual Conference of the 
Mathematics Education Research Group of Australasia, p. 100. Copyright 2003 by MERGA. Adapted 
with permission of the author. 
ª Sum of percentages > 100 because most teachers identified more than one activity frequently used in 
their teaching of mathematics. 
These findings about the nature of mathematics teaching practices in Australia 
and New Zealand were supported by another study of the mathematics teaching 
practices of 162 primary school teachers in New South Wales, Australia (Anderson, 
2003). The usage of various problem types by the teachers studied by Anderson 
(2003) is documented in Table 2.3. The problem types favoured by most teachers 
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were application problems, meaning word problems requiring the application of a 
procedure to solution, and exercises, during which students practised a given 
procedure. Problems supportive of discussion, explanation and justification, namely 
open-ended problems and unfamiliar problems were used less frequently. 
Table 2.3 
Frequency of Use of Student Question Types (%) 
Types of Questions Rarely Sometimes Often 
Application problems  4 26 70 
Exercises  5 27 68 
Open-ended problems 22 58 20 
Unfamiliar problems 37 52 11 
Note. Reproduced from “Teachers’ Choice of Tasks:  A Window into Beliefs about the Role of 
Problem-Solving in Learning Mathematics” by J. Anderson, 2003, Proceedings of the 26th Annual 
Conference of the Mathematics Education Research Group of Australasia, p. 75. Copyright 2003 by 
MERGA. Adapted with permission of the author. 
 
The high usage of worksheets, exercises and application problems documented 
in Bana and Walshaw’s (2003) study (see Table 2.2) as well as Anderson’s (2003) 
study (see Table 2.3) is indicative of a preoccupation with procedural fluency that 
persists today (Sullivan, 2011). Sullivan, Clarke and Clarke (2009) noted that despite 
persistent advocacy for the inclusion of tasks structured around the solution of 
complex, open-ended problems, such tasks remained far less prevalent in 
mathematics classrooms than tasks oriented towards procedural fluency. This can be 
attributed to the prevalent view that students’ mathematical understandings must be 
‘formalised’ before they can be productively involved in their application to real life 
problems. This view, described by Nunes, Bryant and Watson (2009) in their review 
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of research about how mathematics teachers can enable students understanding of 
mathematical relationships, causes teachers of young children to defer their 
involvement in the solution of real life mathematics problems until they have 
developed a foundation of ‘formal’ mathematics knowledge.  
Despite the prevalence of the view described by Nunes et al. (2009), the 
literature yields some examples of studies that provide teachers with explicit 
guidance in the implementation of open-ended tasks. Some of these studies address 
how teachers of young children can support their engagement in open-ended 
mathematical tasks. For example, Diezmann, Watters and English (2001) conducted 
a teaching experiment during which one researcher assumed the role of teacher while 
another observed her teaching and a third acted as a ‘critical friend’.  
The study conducted by Diezmann et al. (2001) is part of a body of work on 
mathematical investigations, which are defined as “loosely-defined, engaging 
problem-solving tasks that allow students to ask their own questions, explore their 
own interests and set their own goals” (McCosker & Diezmann, 2009, p. 27). In the 
study by Diezmann et al. (2001), 20 students in the Third Grade (7-8 years) were 
involved in a 90-minute weekly session of mathematics investigation over 14 weeks. 
Students were selected from four class groups in a single school on the basis of their 
past performance and interest in mathematics. The study was conducted within an 
inductive theory-building framework and generated data consisting of video 
recordings and field notes well as student work samples. Data were analysed using a 
pattern matching approach and compared to a framework that theorised mathematical 
literacy (Pugalee, 1999). The authors identified a number of difficulties that students 
encountered while engaged in investigative tasks. Most prominent was students’ 
failure to understand certain aspects of mathematical language that inhibited their 
  
Chapter 2: Literature Review  37 
ability to identify key issues in the task. Diezmann et al. (2001) concluded that 
teachers who involve students in mathematical investigations should consider the 
mathematical demands of the task and provide students with necessary scaffolding or 
instruction to enable their full participation in the task.  
Outside the field of mathematics research, insight can be gained into the 
features of educational task design that affect equity. For example, guidance on how 
to craft “groupworthy” tasks that “require varied and multiple intellectual 
contributions and provide opportunities for teachers to use status treatments” is 
provided by Lotan (2012, p. 438). Lotan (2012) is explicit when describing the 
features of groupworthy tasks, stating that they should be designed so as to: 
1. Use a range of different media and resources, providing different entry points 
for students to understand what they are learning and what is expected of 
them; 
2. Present intellectually compelling big ideas, questions and essential concepts 
of the discipline; 
3. Require the production of both a group product and an individual report, 
increasing interdependence and individual accountability; 
4. Include evaluation criteria to guide self-assessment and teacher feedback; 
5. Incorporate formal language associated with the discipline, providing 
students with opportunities to produce both oral and written language. 
Identification of the features of groupworthy tasks was enabled by extensive research 
(Cohen & Lotan, 1997; Lotan, 2003, 2006, 2007) into the nature and effects of a 
pedagogical approach called “Complex Instruction” (Lotan, 2012, p. 436). 
Complex Instruction aims to support teaching at a high intellectual level in 
classrooms where students display a wide range academic achievement and linguistic 
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proficiency. One study conducted by Lotan (2007) examined the practice of teachers 
utilising Complex Instruction in six diverse Seventh Grade classrooms in California. 
The classrooms were within a single school where 76% of the student group was 
designated as English learners. The design of the study was a teaching experiment 
(Steffe & Thompson, 2000). Classes were formed that included 15-20% of students 
identified as Transitional Limited English Learners. This meant that the English 
proficiency of these students was so low that they would usually be placed in a 
segregated class for English language learners. The teaching experiment consisted of 
the delivery of four units of study in Social Studies. Student achievement data was 
gathered prior to the intervention, with the researchers accessing students’ scores 
from previously administered SAT-9 tests in Reading, Language, Mathematics and 
Spelling. On all four of these sub-scales about two-thirds of students selected for 
participation in the experiment scored in the first or second quartile. Very few 
students scored in the fourth quartile – less than 1% for English and 4% for 
Mathematics. Following the delivery of each unit, students completed a multiple 
choice post-test and essay. Their results were compared to those of students whose 
teachers had not completed training in Complex Instruction and were not 
incorporating strategies associated with Complex Instruction into their teaching. 
After all four units, the results of students in the experimental groups were 
significantly higher than those of students in other classes. Further, students in the 
Transitional Group (lowest English proficiency) scored on average as high as 
students with limited English proficiency.  
As a result of her study, Lotan (2007) concluded that students from different 
language proficiency levels benefited similarly from the intellectually rigorous 
curriculum and from the quality of interactions with peers during group work. It is 
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important to note that teachers using Complex Instruction participated in a week-long 
professional development course and were provided with ongoing feedback on their 
teaching. There was no reference in the research to whether or not teachers not using 
Complex Instruction received similar professional development and support. This 
introduces the question as to whether or not teacher involvement in professional 
learning was partly responsible for students’ positive results. To respond, I point out 
that the interactions observed by Lotan (2007) in the Complex Instruction classrooms 
would have been unlikely in the classes where grouping was more homogenous and 
teachers employed more traditional teacher-centred methods. Even if these teachers 
had been provided with additional professional learning, a valid comparison of 
method success would only have been possible if this professional learning was 
oriented towards traditional methods. If that had been the case, it is unlikely that the 
forms of interaction that Lotan (2007) identified as productive of positive results 
would have been encouraged. 
The work done by Cohen and Lotan (1997) and later Lotan (2003, 2006, 2007, 
2012) on groupworthy tasks has been applied to the study of mathematics tasks. In 
her influential study of Railside School, Boaler (2006) identified the “groupworthy” 
nature of mathematical problems presented to students as one of the factors that 
enabled students to support one another’s mathematics learning, a practice she later 
associated with relational equity (Boaler, 2008). Boaler’s (2006) study of Railside 
was part of a larger study during which Boaler’s research team spent four years in 
three schools in the USA. Groups of students were monitored from the beginning of 
their secondary schooling to its completion as they experienced different forms of 
mathematics teaching. At Railside School, students worked in groups on lengthy, 
conceptual problems while students in the other two schools were taught using 
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traditional methods including demonstration and practice, with students working 
individually on short, closed questions. More than 700 students participated in the 
study, which utilised a range of methods including classroom observations, 
assessments, questionnaires and interviews to explore the effectiveness of various 
mathematics teaching approaches. 
The use of groupworthy problems at Railside (Boaler, 2006) is of interest 
because students were from low SES homes and were culturally and linguistically 
diverse, attributes often associated with low mathematical achievement. However, 
the mathematical achievement of students at Railside showed significant 
improvement over their years at the school. At the commencement of secondary 
school, Railside students were, on average, achieving significantly lower results on 
standardised tests of mathematical achievement than their peers in the other schools 
studied. Within two years, Railside students displayed more positive attitudes to 
mathematics and elected to study more mathematics courses.  
In this section, I have reviewed research that describes the features of 
mathematical tasks likely to be supportive of equitable outcomes and/or relational 
equity. Research reviewed shows that students benefit from involvement in open-
ended, groupworthy tasks that allow for multiple methods of solution and modes of 
representation. However, at least in the past, the use of such tasks was rare compared 
to tasks such as listening to the teacher and completing worksheets. 
2.1.3 Making connections 
Another of the themes evident in descriptions of effective mathematics teaching is 
making connections. Making connections has two dimensions (Mills & Goos, 2011). 
The first is helping students to perceive and understand relationships between 
mathematics as practised at school and their experiences outside school. This is 
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sometimes called “connectedness to the world” (Lingard, 2010, p. 173). The second 
dimension of making connections involves enabling students to understand the 
relationships between various mathematical concepts or between mathematics and 
other disciplinary fields. This is sometimes called “knowledge integration” (Lingard, 
2010, p. 173). The inclusion of “making connections” as a principle (Sullivan, 2011) 
and practice (Clarke & Clarke, 2004) associated with effective mathematics teaching 
acknowledges the importance of both these dimensions by encouraging teachers to 
“build on what students know, mathematically and experientially” (Sullivan, 2011, p. 
26). 
The association of effective teaching with making connections is well 
established. One of the conclusions made by Askew, Brown, Rhodes, Johnson and 
William (1997) was that effective teachers of mathematics were “connectionist” (p. 
24). Connectionist teachers, according to Askew et al. (1997) were those who 
assisted students to make connections between mathematical concepts and between 
school mathematics and real life experience. This conclusion was among those made 
after conducting a multiple case study involving a sample of 90 teachers and more 
than 2000 students attending schools in England. Participants were selected from 11 
schools in three school districts, with schools selected on the basis of existing 
evidence that they were effective in the teaching of mathematics. The research 
examined teachers’ knowledge, beliefs and practice about mathematics learning and 
teaching. Teacher effectiveness was evaluated using a numeracy test designed for the 
study that was administered to the classes of all 90 teachers at the commencement of 
a school year and again towards the end of the same year. Additional data were also 
generated during the administration of questionnaires, classroom observation, head 
teacher interviews, teacher interviews and validation teacher interviews. 
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In the USA, Ginsburg and Pappas (2004) interviewed 102 four and five-year 
old students from various SES backgrounds to examine possible differences in their 
informal mathematical knowledge. Of the students interviewed, 32 were from low 
SES families, 39 from middle SES families and 31 from upper SES families. 
Students participated in a clinical interview task during which they were asked to 
complete several additional and subtraction problems as well as a related 
representation task. While students from the upper SES achieved better results than 
students from the middle and low SES groups, there were no significant differences 
in the performance levels of children from lower and middle SES families. All of the 
SES groups used very similar strategies and while the students from the upper SES 
group performed better, strategies used by the upper SES students differed little from 
those of students in the lower and middle SES groups. Ginsburg and Pappas (2004) 
concluded that differences in students’ mathematical achievement emerge only when 
students begin to engage with formal mathematics as practised in schools. They 
suggested that teachers of students in the early years of school should assist students 
to make connections between existing, often informal, mathematical knowledge and 
the way that mathematics is practised at school.  
In the Australian context, a review of international and Australian research 
literature on early childhood numeracy conducted by Doig, McCrae and Rowe 
(2003) named “building on the child’s current knowledge base” (p. 26) as one of the 
most important practices that teachers of young children should employ. More 
recently, Howard, Cooke, Lowe and Perry (2011) identified “connectedness” (p. 
371) as one of a set of program criteria against which the success of mathematics 
education programs for Aboriginal Australian students could be measured. Program 
criteria were based on earlier research, including interviews with the parents of 
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Aboriginal Australian children, parents on non-Aboriginal students and teachers 
(Howard, 2001), as well as analysis of national mathematical project reports and 
professional development initiatives. Howard et al. (2011) defined connectedness as 
an individual “sense of belonging, a feeling of being accepted and knowing that you 
are valued for who you are” (p. 371) and suggested that recognition of students’ 
home identities is crucial to educational success. This study valued connectedness to 
the world over knowledge integration, but adds weight to the widely accepted view 
that making connections is essential to effective mathematics teaching. 
A number of practices have been associated with promoting connectedness 
during mathematics teaching. First, I deal with practices designed to enable 
connectedness to the world. One practice frequently employed to link school 
mathematics to students’ out-of-school experiences involves students “realistic” or 
real life mathematical problems. Such problems mirror the “complexity of real life” 
(Fuchs et al., 2006, p. 293), situating mathematical activity in a context that exists 
separately from the practice of mathematics and has a relationship to the real or 
perceived experiences of students.  
Going back several decades, multiple studies have demonstrated the positive 
effects of involving young students in the solution of contextualised practical (real 
life) problems. McCoy (1994) studied the problem solving behaviour of 90 Second 
and Third-Grade students in nine metropolitan public and private elementary schools 
in the USA. Students completed three problems while being observed by a trained 
observer. Student participants were encouraged to talk aloud as they solved their 
problems and their talk was recorded and transcribed for later analysis. Polya’s 
(1957) problem-solving steps were used as a referent for analysis. McCoy (1994) 
found that young students happily attempted to solve unfamiliar real life problems 
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using systematic solution processes. She also identified nine heuristics that students 
used to solve problems: diagrams, lists, visualisation, counting, arithmetic, logic and 
guess and check. Her recommendation was that, given that young children were 
curious and willing problem solvers, teachers should ensure that they were equipped 
with adequate background knowledge and problem-solving skills to enable 
productive engagement in problem-solving activities. 
 Others have described teacher practices that make involvement in this type of 
problem-solving effective. For example, Fuchs (2006) drew on schema-construction 
theory to develop and implement a quasi-experimental research design. Fuch’s 
(2006) design assessed the effectiveness of schema-based instruction as a method of 
enhancing students’ mathematical problem-solving abilities. A schema here refers to 
a generalised “description” (Fuch, 2006, p. 294) that individuals use to sort problems 
into groups. It refers not to an external or shared description, although this can be 
developed, but to an internal, cognitive model for categorising problems. Schema-
based instruction is based on the premise that broader cognitive schemata are 
productive of better transfer of knowledge. That is, students who have developed 
broader categories for problems are more likely to recognise connections between 
familiar and novel mathematical problems. Schema-based instruction involves 
teaching students how to form broad schema and recognise connections between 
familiar and novel problems.  
In Fuchs’ (2006) study, student and teacher participants were drawn from 
seven urban schools in the USA, with 30 teachers from the schools randomly 
assigned to three treatment groups. Students involved were in the Third Grade (7-8 
years). All treatment groups received five three-week units of instruction in a 
particular type of problem-solving strategy, with each unit consisting of seven 
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lessons. The first treatment group involved teachers delivering instruction in general 
problem-solving strategies. In the second treatment group, teachers delivered 
schema-based instruction in problem-solving. In the third treatment group, teachers 
delivered the same schema-based instruction as the second treatment group, with one 
key difference. The seventh lesson of each unit was comprised of explicit instruction 
in how to address the complexities of real life problems. The effectiveness of various 
treatments was assessed using several previously validated measures of problem-
solving ability. Fuchs (2006) found that students who were provided with explicit 
instruction in strategies for solving real life mathematical problems performed better 
on tests of mathematical problem-solving than students who did not receive such 
instruction.  
 A quasi-experimental design was used by Iiskala, Vaura, Lehtinen and 
Salonen (2011) to examine the social practices of students engaged in collaborative 
mathematical problem solving. Students selected to participate in the study were 
high-achieving students from Finland aged 10 years. Students were selected on the 
basis of their performance on tests of mathematical word-problem solving and 
reading comprehension, with participants falling in the top 11% of students tested. 
Four dyads were observed while engaged in problems of varying difficulty. Problems 
presented to students were designed to confirm or disconfirm hypotheses related to 
four research questions. These questions explored whether or not socially shared 
metacognition occurred during problem-solving, its function, focus and initiation. 
Students were observed during problem-solution by trained observers who captured 
verbal and non-verbal interaction using video recording and field notes. Data 
generated were divided into episodes that were analysed according to function and 
focus and coded accordingly.  Iiskala et al. (2011) found that students benefited from 
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being engaged in socially shared metacognition, especially when engaged in solving 
difficult problems. They also found that problem difficulty exerted significant 
influence over the degree to which students engaged in such metacognition, with 
moderately difficult to difficult problems producing the most episodes. This research 
departed from the usual focus on individual cognition to acknowledge the role of 
social and cultural processes in knowledge production. 
In the Australian context, Galbraith (2006) referred to Pollak’s (1969) 
advocacy for word problems in school mathematics when identifying design 
principles for real life problem-solving tasks. Over a two-year period, Galbraith 
(2006) observed mathematics teaching in a Senior Secondary College in Australia 
where mathematical modelling was included in the Year 11 and 12 program. On the 
basis of these observations, Galbraith (2006) was able to identify regularities in 
problems presented to students and articulated the following principles for the design 
of real life mathematical problems: 
1. There is some genuine link with the real world of the students. 
2. There is opportunity to identify and specify mathematically tractable 
questions from a general problem statement. 
3. Formulation of a solution process is feasible. 
4. Solution of the mathematics for the basic problem is possible. 
5. An evaluation procedure is available that enables checking for 
mathematical accuracy and appropriateness. (adapted from Galbraith, 
2006, p. 235) 
When compared to Lotan’s (2012) description of groupworthy tasks, the design 
principles proposed by Galbraith (2006) appear narrowly focused on the internal 
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features of the problem. Galbraith (2006) is concerned mainly that the problem 
should be manageable, whereas Lotan (2012) is concerned with enabling shared 
sustained thinking. Lotan (2012) makes explicit the type of social organisation that 
she considers supportive of productive mathematical activity. Galbraith (2006), in 
saying nothing about the likely effect of problem design on interaction, presents 
problems as neutral rather than productive of social relations.  
Four dimensions, or features, that should be evident in real-life mathematical 
problem solving tasks were identified by Pugalee, Douville, Lock and Wallace 
(2002). The model produced by these authors was informed by research into 
mathematics education programs in the USA and United Kingdom. The inclusion of 
real-life mathematical problems in mathematics instruction, these authors contend, 
should provide opportunities for students to engage in thinking and reasoning 
through activities such as data gathering, investigation and hypothesis testing.  Real-
life problems should also promote discourse, as students use language to construct 
meaning in individual, small group and whole class interactions. The problems 
should demand the use of mathematical tools, including symbol systems such as 
tables and graphs. And finally, they should promote positive attitudes and 
dispositions to mathematics, such as enthusiasm and persistence.  
Further advice about the design of mathematics tasks situated in real life was 
provided by Bonotto (2002), who conducted a scholarly review of research literature 
to form conclusions about the type of mathematics problem solving that was most 
supportive of equitable outcomes for students of mathematics. Bonotto (2002) 
concluded that most attempts on the part of classroom teachers to link mathematics 
teaching with real life were expressed through setting them stereotypical word 
problems. She stated that, in order to promote the improved achievement of students 
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from backgrounds associated with low mathematical achievement, these problems 
should be replaced with activities more directly relevant to students’ experiences.  
Additional cautionary advice about the use of word problems situated in ‘real 
life’ with students from backgrounds associated with low mathematical achievement 
was provided by Cooper and Dunne (2004). Working from a sociological perspective 
and drawing on Bernstein’s (1996) theorisation of pedagogic discourse, Cooper and 
Dunne (2004) compared the responses of students aged 10-11 years and 13-14 years 
in England on test items considered to be realistic. The authors collected data on the 
test performance of 600 children and then involved a sub-set (n = 250) in interviews 
during which they were questioned about their reasons for responses on a sub-test of 
test items. Student participants were classified based on the occupation of their 
parents, with three classes identified: A service class, an intermediate class and a 
working class. The research showed that working class students performed less well 
than students from other classes on test items considered realistic, meaning test items 
that had been situated in an apparently realistic context such as a tennis match. 
Drawing on the concept of recognition rules (Bernstein, 1996), Cooper and Dunne 
(2004) were able to show how the ‘realistic’ test items used to assess mathematical 
knowledge were not valid measures of students’ actual mathematical knowledge. 
This was because students interpreted task contexts very differently, depending on 
their own cultural experiences and understandings. Students’ varied interpretations of 
the contexts shaped the degree to which they were able to recognise the mathematical 
requirements of the tasks, meaning that their mathematical sense making was often 
compromised by the ‘white noise’ of the realistic context. The authors showed that 
the realistic test items students were presented with were not neutral, but open to 
varied interpretation. The lesson provided for teachers and program designers was to 
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guard against making false assumptions about what might constitute ‘real life’, or 
authentic, mathematical word problems.  
The performance of students from various backgrounds on real life problems 
was also examined by Lubienski (2004). Utilising a teaching experiment design, 
Lubienski (2004) adopted the position of teacher-researcher. She worked with a class 
of 22 students in the Seventh Grade at a socioeconomically diverse school in a 
medium-sized city in the USA. The school population was predominantly white with 
11% African-American students and 3% Hispanic students. From the 22 students in 
the participant group, Lubienski (2004) identified a target group of eight students: 
One low and seven high-achieving student from lower and higher SES groups. The 
students’ Year Six teachers had been involved in the Connected Mathematics Project 
(Lappan, Fey, Fitzgerald, Friel, & Phillips, 1996) during the preceding year, so 
students had had one year of working with the Connected Mathematics curriculum.  
Connected Maths is organised into units of work that contain mathematical 
investigations of problems that students explore with the teacher in class. Students 
are expected to practice, apply, connect and extend their mathematical 
understandings through participation in the investigations. Class discussion played an 
important part in the program.  
In her experiment, Lubienski (2004) found that students from the lower SES 
group experienced difficulty engaging in classroom discussion. During student 
interviews, seven students consistently shared that they lacked confidence in their 
mathematical abilities and that this held them back from participating in whole-class 
discussion. All of these students were from the lower SES group. Higher SES 
students, Lubienski (2004) said, rarely expressed any fear of being wrong. They were 
also able to focus on the mathematical features of real life problems, rather than 
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becoming overly involved in their contexts. Lubienski (2004) explained her results 
by identifying discussion as an invisible pedagogy (Bernstein, 2000). Such pedagogy 
downplays the authority of the teacher and masks the criteria against which student 
performance is evaluated. Lower SES students experience difficulty discerning the 
invisible rules of such pedagogy, because norms that govern their experience outside 
school can be at odds with those implicit in the invisible pedagogy. To illustrate, 
students asked whether they had ever seen a clock with Roman numerals on it might 
not recognise the purpose of this question: eliciting discussion about the value 
allocated to various numerals. Instead, and if they have any prior experience of these 
numerals, they might engage in conversation about clocks, grandfathers or letters of 
the alphabet, without recognising that – as the question was raised during a 
mathematical discussion - they were being asked if they know the mathematical 
meaning of various letters in this context.  
When presenting her findings, Lubienski (2004) cautioned against interpreting 
her results as a call for more traditional teacher-centred instruction for students from 
low SES backgrounds. She emphasised that the benefits associated with problem-
centred, discussion-intensive pedagogies should be made available to lower SES 
students also, but suggested that such students may need assistance to perceive the 
rules of engagement implicit in such pedagogies. In challenging the field to explore 
ways of making invisible pedagogies such as problem-solving more accessible to 
students from low SES backgrounds, Lubienski (2004) referred the reader to the 
work of Morais and Neves (2001), who described ways in which teachers might 
introduce more visible elements into pedagogy. This should be done while 
continuing to relax the rules that govern the selection, sequencing, pacing and 
evaluation of mathematical communication (Morais & Neves, 2001). Adding visible 
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elements could be achieved by providing students with explicit instruction in 
methods of productive talk, for example, that included in various programs designed 
to support dialogic reasoning. 
Like Lubienski (2004), Bourne (2004) argued for the introduction of visible 
elements into invisible pedagogies, meaning pedagogies enacted in such a way that 
participation norms are invisible, such as problem-solving and discussion. However, 
she argued that these pedagogies would be more effective if the rules that regulate 
student conduct were made explicit to students. That is, by making them visible. In 
particular, Bourne (2004) advocated the managed introduction of horizontal 
discourse into classroom discourse. This means inviting students to bring their 
everyday, practical knowledges, acquired through lived experience, into the 
classroom, then helping them to perceive relationships between these knowledges 
and the formal knowledge discourses of the school. She encouraged teachers to draw 
on students’ own experiences and understandings during classroom discussion and 
assist students to negotiate the space between their own knowledge and experiences 
and the formal disciplinary knowledge of the school. Bourne (2004) named 
pedagogy formed as a result of incorporating visible elements into invisible 
pedagogy “radical visible pedagogy” (p. 61).  
The study on which Bourne’s (2004) advocacy for radical visible pedagogy 
was based was an explanatory case study. It was conducted in a school that had 
achieved consistently high results on standardised tests compared to schools with 
similarly high proportions of students from backgrounds associated with social 
disadvantage. Bourne (2004) video-recorded interaction and instruction in the 
classroom and conducted interviews with the teacher and a group of students aged 
14-15 years whom she taught. The case study formed part of a larger study, in the 
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course of which Bourne (2004) observed the practice of eight other teachers. The 
teacher who was the subject of the case study was the only one of these nine teachers 
to invite students to discuss their experiences in the classroom and to help them make 
sense of the relationship between their experience and classroom discourse. She did 
this by exerting strong control over classroom discourse. Discussion was highly 
regulated but the rules related to the sharing of power and control rather than to 
surrendering control to the teacher. To illustrate, clearly articulated expectations 
governing classroom discourse included expectations that children would take turns 
while speaking and allow others time to think and finish their statements. The rules 
were highly visible, but they were supportive of symmetrical social relations. It was 
this radically visible feature of practice at the school that Bourne (2004) identified as 
potentially transformative.  
The subject being taught in the class studied by Bourne (2004) was not 
mathematics, but English. However, Bourne’s (2004) research contributes 
knowledge that responds to the question raised by Lubienski (2004) about how 
teachers can introduce visible elements into invisible (mathematics) pedagogies. That 
is, by attending to the features of teacher-student and student-student interaction. All 
classrooms, English, Mathematics or other, are social learning systems where 
relations of power are established through interaction (Wenger, 2003). Bourne’s 
(2004) work, through its focus on interaction rather than disciplinary knowledge, 
sheds light on how interactions in mathematics can be structured to enable the 
learning of students from backgrounds associated with low mathematical 
achievement. 
Another study, conducted by Hugo, Bertram, Bloom and Naidoo (2008) also 
applied Bernstein’s (1990, 2000) theory of pedagogic discourse to analysis of 
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classroom interaction. Once again, this study did not examine interaction in 
mathematics classrooms but, like Bourne’s (2004) study still yields information of 
relevance to this study. The study by Hugo et al. (2008) comprised a 4-year project 
tracking implementation of a new curriculum in English, Science and History in 
South African classrooms. The practices of teachers in each subject area were 
observed over time. For example, the authors observed five consecutive History 
lessons conducted with Year 10 students. Analysis of data led the authors to caution 
against equating visible pedagogy with progressive pedagogy, in the sense that it 
inevitably advances both equitable outcomes and relational equity. Hugo et al. (2008) 
pointed out that, while visible pedagogy can be effective in relaying messages to 
students from backgrounds associated with low achievement, those messages may 
themselves be inherently inequitable. This is because visible pedagogies, through 
their strong framing, allocate authority for determining what constitutes legitimate 
mathematical knowledge in the position of teacher. The strong classification evident 
in such pedagogies means that mathematics is presented as a universal, abstract body 
of knowledge, which students have no role in shaping. The messages transmitted are 
therefore that mathematics exists in a realm separate to the experiences of students 
and they must submit to mathematical discourse rather than interact with it. Visible 
pedagogies make visible to students the criteria against which their practice will be 
evaluated, but the criteria themselves reinforce a view of mathematics that reinforces 
asymmetrical power relations.  
A study specifically concerned with examining the relationship between certain 
mathematics pedagogies and equitable outcomes was conducted by Miller (2009), 
who conducted a series of interviews to determine the views of researchers, teachers 
and students on the use of mathematics problems situated in real life contexts. Her 
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purpose in conducting the research was to explore how “real world math” (p. 1) 
might impact on the gap between the mathematics achievement of students from low 
SES backgrounds and students from high SES backgrounds. Miller’s work was 
grounded in a constructivist view of learning. After conducting interviews with 
teachers identified as effective as well as students in their classrooms and other 
classrooms, Miller (2009) concluded that effective teachers embed their teaching of 
mathematics in real life tasks that are rigorous, culturally relevant, engaging and 
accessible. Students feel more comfortable in classroom environments where they 
participate in such tasks. Miller (2009) did not examine, however, whether this 
greater comfort was associated with improved mathematics learning. 
More explicit guidance on how to support students from low SES backgrounds 
was provided by Jackson and Cobb (2010). These authors stressed that all students 
should have the opportunity to master “increasingly sophisticated mathematical 
argumentation” (p. 4), a practice Lubienski (2004) found was daunting for students 
from lower SES backgrounds. On the basis of their review of research on problem-
solving, especially as it related to the mathematical achievement of students from 
traditionally disadvantaged groups, Jackson and Cobb (2010) proposed a number of 
practices in which teachers should engage.  First, when introducing a problem task 
situated in an apparent ‘real life’ context, teachers should work to support all 
students’ understanding of cultural assumptions implicit in the task. Second, the 
teachers should assist students to develop imagery specific to the problem or task.  
The suggestions made by Jackson and Cobb’s (2010) were based on research 
by McClain and Cobb (1998) and lent additional weight by the authors’ current 
participation in research in four large, urban districts in the USA. Jackson and 
Cobb’s (2010) current study aims to identify district and school-based organisation, 
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resources and social relations that assist middle-school mathematics teachers to meet 
the ambitious targets set by district governing bodies. Jackson and Cobb (2010) are 
observing two consecutive lessons taught by each of 120 teachers participating in the 
study. At the time the paper reviewed here was published, they had completed data 
analysis and were in the process of assessing which teacher practices supported the 
participation of students from backgrounds associated with low mathematical 
achievement in rigorous mathematics activities such as mathematical argumentation. 
In the paper, they present analysis of one lesson studied to support conclusions made 
about task presentation. They also identified another teacher practice supportive of 
the participation of students from backgrounds associated with low mathematical 
achievement. This is the explicit negotiation of norms of participation with students, 
for all phases of each mathematics lesson. This practice relates more to the principle 
of structuring interaction in line with instructional goals. Research related to this 
principle is reviewed in Section 2.1.4. Suggestions put forward by Jackson and Cobb 
(2010) are critical because, as demonstrated by literature previously reviewed here 
(e.g., Boaler, 2002; Lubienski, 2004), the mathematical participation of students who 
are unfamiliar with assumptions underlying task scenarios is likely to be limited.  
Literature reviewed in this section thus far has investigated how teachers can 
promote connectedness to the world through their mathematics teaching practices. I 
now review literature that explores the second aspects of making connections, 
namely knowledge integration, and how it can be promoted by teachers. In the 
United States, a range of  “integrated mathematics” programs was developed in 
response to the identification of mathematical connections as one of four process 
standards spanning the mathematics curriculum (National Council of Teachers of 
Mathematics, 2000). Many of these programs, such as Connected Mathematics 
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(Lappan, et al., 1996), Mathematics in Context (National Center for Research in 
Mathematical Sciences Education and Freudenthal Institute, 1997-1998) and 
Everyday Mathematics (Everyday Learning Corporation, 1996), focused only on 
supporting students to make connections between knowledge in various 
mathematical domains, rather than with knowledge in disciplinary fields external to 
mathematics. Others have taken a broader interdisciplinary approach, such as Maths 
Trailblazers (Wagreich, Goldberg, & Staff, 1997) and Investigations (Mokros, 
Russell, & Economopoulos, 1995), by investigating connections with other 
disciplinary fields.  
Research undertaken to evaluate these programs has tended to focus on the 
effects of participation on students’ conceptual understanding or procedural fluency, 
rather than teacher practices that enabled knowledge integration. For example, in 
their discussion of the Everyday Mathematics program, Carroll and Isaacs (2003) 
described how the program had impacted student mental computation, number sense, 
geometrical knowledge and multidigit computation. When reporting on their study of 
the effectiveness of the Maths Trailblazers program, Carter, Beissinger, Cirulis, 
Gartzman, Kelson, and Wagreich (2003) cited student performance on a test of 
mathematics basic skills as evidence of the program’s effectiveness. In Mokros’ 
(2003) discussion of the Investigations project, she described how the program had 
impacted on student proportional reasoning related to mathematics, focusing on 
computational and word problems rather than real life problems. Teacher practices 
were not described. For more information on practices I explore research related to 
another theme evident in principles of effective mathematics teaching: Structuring 
interactions in line with instructional goals. 
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2.1.4 Structuring interaction in line with instructional goals 
Teachers’ methods of structuring interaction are worthy of study because interaction 
has a “constitutive power” (Owens, 2005, p. 33). Patterns of interaction constitute 
social relations, including relations of power. Where teachers aim to promote 
relational equity as well as equitable outcomes, they must structure interaction to 
promote collaboration.  
Explicit guidance on how teachers can promote interactions that are marked by 
shared control over classroom communication was provided by Lotan (2010). As 
part of her work on groupworthy tasks, Lotan (2012) suggested that teachers should 
increase the amount of teacher-student and student-student interaction and involve 
students in collaborative groupwork. When groups operate collaboratively, group 
members arrive at a collective view through interactive evaluative talk (Lotan, 2007). 
However, collaboration is often difficult to achieve. Extensive research illustrates 
that without teacher guidance, small group interaction is often either disputational or 
cumulative (Barnes, 2005; Hunter, 2007; Rojas-Drummond & Mercer, 2003; Rojas-
Drummond & Zapata, 2004). Irwin and Woodward (2006), for example, utilised a 
case study design to investigate interaction in a classroom involved in the New 
Zealand Numeracy Development Project. They found that the ways in which 
students interacted limited collective reasoning. Students in the class were mainly 
from Pasifika backgrounds, a cultural group associated with educational 
disadvantage in New Zealand. Five sessions of one class of students in Years Five 
and Six were video-recorded and language used by the teacher, and by students when 
working independently of the teacher, was transcribed. Language used by the teacher 
was compared to that outlined in a model proposed by Fraivillig, Murphy and Fuson 
(1999) that suggested language forms that should be practised by teachers. These 
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forms are eliciting students’ problem solution methods, supporting children’s 
understanding, and extending their thinking. Even though the teacher observed by 
Fraivillig et al. (1999) used all of these language forms when working with the class, 
she did not monitor, support or extend students’ language when they were working in 
small groups. Consequently, groups frequently descended into disputational talk 
rather than more productive exploratory forms.  
While fostering collaboration in the context of small group investigation is 
challenging, the research yields numerous examples of teachers who have been 
successful in doing so. Hunter (2007), for example, conducted a detailed case study 
of a teacher who used particular interactional strategies to enable the participation of 
students in group interaction. Participants were middle school students (aged 8-10 
years) from an urban primary school in New Zealand from predominantly low SES 
backgrounds. Strategies adopted by the teacher included teaching students how to 
express agreement or disagreement, requiring them to explain and justify their 
mathematical reasoning, and requiring them to listen to others’ contributions before 
making their own. Studies like Hunter’s (2007) show how groupwork can support 
relational equity by promoting respectful interaction and shared responsibility for 
learning.  However, other forms of interaction may be more suited to different 
instructional goals. For example, when the goal is procedural fluency, teachers may 
need to structure interaction so that dialogue is more asymmetrical.  This is further 
explored in Section 2.1.6. 
 Methods that teachers can adopt to structure interaction supportive of 
equitable outcomes and relational equity were explored by Zevenbergen, Mousley 
and Sullivan (2004). In their paper, Zevenbergen et al. (2004) described the practice 
of one teacher working with students in a remote community in Australia where 
  
Chapter 2: Literature Review  59 
approximately 40% of students were Indigenous. Indigenous students are one of the 
most educationally disadvantaged groups in Australia. The purpose of the research 
was to explore ways of disrupting the pedagogic relay (Bernstein, 1996) that 
typically exists in mathematics classrooms and that establishes asymmetrical 
relations of power between teachers and students. Through the social mechanism of 
the pedagogic relay, students are inducted into the culture of the mathematics 
classroom, without any explicit teaching of social norms. The teacher’s expectations 
in relation to student conduct and her own actions establish the norms but the rules 
governing them usually remain unspoken.  
The research conducted by Zevenbergen et al. (2004) was part of a long-term 
project that comprised two stages. The first involved a series of focus groups with 
teachers during which participants were asked to identify teaching practices that 
might cause difficulty for students. During these interviews, teachers expressed their 
views of equity, frequently articulating a belief that all students of mathematics 
should be supported to achieve their potential, regardless of their background or 
ability. The second stage involved the researchers working with teachers to promote 
the use of open-ended questions in a manner that was inclusive of students at risk of 
marginalisation within the mathematics classroom.  The selection of open-ended 
questions for active promotion was led by the researchers and followed the 
identification, during focus groups, of open-ended questioning during as a pedagogy 
with potential to exclude students from particular backgrounds. 
In the study by Zevenbergen et al. (2004), the teacher, who was part of the 
wider study and had worked with researchers to learn how to use open-ended 
questions, was observed questioning a group of low-achieving students. Her practice 
was video-recorded, transcribed and analysed using Habermasian (1972) themes of 
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language, work and power. The teacher was observed engaging in three practices that 
had the effect of disrupting the traditional pedagogic relay and establishing new 
socio-mathematical norms. These were communicating to students that multiple 
correct answers are possible, addressing potentially difficult aspects of the task and 
unfamiliar language forms, and recognising the comparative power relations 
established in the class and their relationship to cultural expectations.  While open-
ended questions can be used to structure interaction in the classroom, they also serve 
to promote particular forms of mathematical communication. This use of open-ended 
questions is described in the section that follows. 
2.1.5 Promoting mathematical communication 
Promoting mathematical communication involves providing students with 
opportunities to voice, explain and justify mathematical reasoning. It can also 
involve communicating solutions to problems, including via the use of 
representations. A comprehensive and critical review of literature detailing teacher 
practices supportive of productive mathematical communication was provided by 
Walshaw and Anthony (2008). The intent of the authors in conducting the review 
was to provide teachers with guidance about how to enable mathematical 
communication supportive of positive outcomes for students from diverse 
backgrounds. 
When defining positive outcomes, Walshaw and Anthony (2008) included the 
capabilities and dispositions widely associated with numeracy, namely procedural 
fluency, conceptual understanding, strategic competence, adaptive reasoning and 
productive disposition. However, they also considered practices that enabled students 
to form a sense of cultural identity and citizenship within the mathematics classroom, 
helped students to make a contribution to class discussion and enabled a sense of 
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personal wellbeing. Following their review, Walshaw and Anthony (2008) noted 
that, while many studies provided detailed descriptions of student outcomes, few 
explained the relationship of outcomes to particular teacher practices. Nevertheless, 
Walshaw and Anthony (2008) were able to identify a number of practices supportive 
of productive mathematical communication. These were establishing participation 
rights and obligations, or social norms, making a distinction between student 
responses and student thinking, using language to fine tune student mathematical 
thinking and shaping mathematical argumentation. I now review literature that 
provides insight into how teachers might enact these practices.  
In their description of their Big Math for Little Kids program, Greenes, 
Ginsburg and Balfanz (2004) identified teaching students to engage in productive 
mathematical communication as a method of enabling young students’ learning 
through the solution of real life mathematical problems. Their program, grounded in 
a Vygotskian perspective, sought to engage students in problem solving with adult 
guidance in collaboration with other young children. In their account of the 
development and field-testing of their program, Greenes et al. (2004) document 
observations of children participating in the program and identify questions and 
hypotheses for future research. For example, their observations of the high level of 
competence of child participants engaged in program activities led them to 
hypothesise that extensive engagement in a rich mathematical environment leads to 
higher levels of competence than those usually observed in young children. 
Teachers participating in the Big Maths program encouraged students to voice 
their thinking, explaining and justifying their reasons for choosing particular methods 
and commenting on others’ reasoning. The authors observed that when teacher did 
this, children’s use of mathematical language became more frequent, particularly 
                                  Chapter 2: Literature Review  62 
children from families where English was an additional language.  Greenes et al. 
(2004) hypothesized that the learning of mathematics is closely associated with the 
development of language and communication skills, including the development of 
maths-specific vocabulary.  
Many teacher practices influence mathematical communication. The 
communicative practices in which teachers and students engage play an important 
role in structuring social relations in the mathematics classroom and therefore have 
the potential to promote relational equity or encourage less equitable relations of 
power. As pedagogy advocated as part of mathematics education reform, discussion 
has received a large amount of research attention. There is a large number of studies 
examining the nature and effects of student participation in discussion, with many of 
these studies linked to examination of student involvement in problem-solving. 
Elbers (2003), for example, documented a case study conducted in the Netherlands 
with 28 children aged 11-13 years. The case study examined in detail a single lesson 
comprised of classroom discussion and small group investigation.  
The teacher described in Elbers’ (2003) study was an advocate of “Realistic 
Mathematics Education” (p. 79).  The teacher viewed his role as designing activities 
organised around the solution of mathematical problems that were meaningful to 
students, ideally those related to their experience. The mathematics lesson began 
with the teacher introducing the problem to students. After this, students engaged in 
discussion of possible methods and solutions to the problem. Proposed methods were 
shared before students worked individually on solving the problem. The teacher was 
also known to involve students in small group investigation of problems, but this was 
not observed in the lesson described. Individual work was interspersed with periods 
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of class discussion, during which students’ methods and solutions were opened to the 
scrutiny of the group. Students were expected to explain and justify their methods.  
The case study conducted by Elbers’ (2003) described multiple instances of 
whole class discussion, but the patterns of interaction evident during discussion were 
not adequately described. For example, it was not clear who evaluated students’ 
proposed methods in the context of class discussion. The teacher appeared to retain 
authority for selecting particular methods for discussion given that the teacher voiced 
the only examples of evaluative talk. For example, at the start of the lesson the 
teacher evaluated a student’s proposed method. Later, the teacher questioned a 
student about a proposed method.  No examples were rendered of students engaged 
in the evaluation of one another’s proposed methods or solutions. Even so, Elbers 
(2003) claimed that there were clear benefits in engaging students in classroom 
discussion. Elbers (2003) claimed that students developed a more productive 
disposition to mathematics and developed increasingly sophisticated mathematical 
solutions as a result of sharing methods and solutions with others. The latter part of 
this finding was made on the basis that solutions to mathematical problems increased 
in efficiency as a result of scrutiny in the contexts of whole class discussion. While it 
is evident from the examples provided that this was so, what was not clear was that 
the reason for this improvement was collaboration among students. 
All of the interactions presented by Elbers (2003) appear to align with a 
traditional Initiate-Respond-Evaluate (IRE) format, rather than any form of 
reciprocal interaction among students or between students and teachers. Elbers’ 
(2003) recommendation that students should take responsibility for their own 
learning and that of their peers does not align with the examples provided, which 
show teachers dominating conversation and no examples of student-student 
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interaction. That is, the teachers take responsibility for the learning of individuals 
and the group. The reason that the quality of mathematical solutions improved might 
have been as a result of students having to explain and justify them, or of teacher 
interaction with students. So, Elbers’ (2003) research does not provide teachers with 
guidance on how to support student engagement in productive (reciprocal) 
discussion. 
 Guidance as to teacher practices that can support student engagement in 
productive discussion is found elsewhere. To support teachers to move beyond this 
and use discussion as a venue to advance mathematical thinking, Cengiz et al. 
(Cengiz, Kline, & Grant, 2011) produced an “Extended Student Thinking 
Framework” (p. 357). After reviewing available research on how to engage and 
extend student thinking, they identified a suite of effective “instructional actions”. 
These included inviting students to share methods, suggesting an interpretation or 
claim, repeating a claim and providing reasoning for a claim. Once they had 
developed their framework, Cengiz et al. (2003) used it to inform their investigation 
of the teaching of six experienced teachers of mathematics to identify practices 
effective in enabling mathematical discussion. One of their findings was that class 
discussion is usually occupied with the presentation of solutions rather than any 
genuinely evaluative talk. They advocated that other instructional actions such as 
repeating a student’s claim could be utilised to promote this more productive type of 
talk. 
The practice of repeating a claim, especially if that claim is translated into 
mathematical language, is elsewhere called “revoicing” (Forman & Ansell, 2001, p. 
119). Revoicing involves the teacher repeating, elaborating on or translating student 
responses so that they align more closely with mathematical convention. The value 
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of revoicing was highlighted by Franke, Kazemi and Battey (2007), who conducted a 
review of research into the practices of mathematics teachers and then identified a set 
of principles of effective mathematics instruction. The study by Franke et al. (2007) 
was informed by Lampert’s (2004) conceptualisation of teaching as a relational 
process, a conceptualisation similar to that which underpins my research here. 
Included in the principles identified by Franke et al. (2007) were a recommendation 
that all students of mathematics should be involved in learning mathematical 
concepts and skills and that they should learn to engage with mathematics tasks that 
offer an opportunity for higher order and critical thinking. Franke et al. (2007) also 
recommended that teachers should adopt a focus on mathematics communication, 
outlining the specific details of effective communication to students. Revoicing was 
one of the techniques they suggested that teachers should use to achieve this, but 
others include providing students with explicit instruction to enable productive group 
discussion. 
Advocacy for providing students with explicit instruction to enable productive 
discussion is supported by an earlier study by Kramarski and Mizrachi (2004). These 
authors employed a quasi-experimental research design to examine the effectiveness 
of providing students with metacognitive guidance while involving them in forum 
discussion of mathematics problems, methods and solutions. Different experimental 
treatments were applied to two classes in a single school in Israel. Each week, the 
first class group was involved in forum discussion after a 90-minute period spent 
solving a mathematical problem situated in a real life context on a computer in a 
school computer lab. The teacher was instructed not to interfere in the discussion. 
Instead, students were encouraged to participate in the discussion, send one another 
assignments, reflect on solutions and to pose questions. At the conclusion of the 
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discussion, students were asked to send their solution to the teacher. The second 
group participated in the same problem-solving activity in the computer lab and were 
also involved in a forum discussion. However, this group received metacognitive 
guidance during their forum discussion. The metacognitive guidance received was 
based on the IMPROVE technique developed by Mevarech & Kramarski (1997). The 
method utilized a series of four metacognitive questions: Comprehension questions, 
connection questions, strategic questions and reflective questions. Pre- and Post-tests 
were used to assess students’ mathematical problem solving. Then, a one way 
ANCOVA and MANCOVA were carried out on the total score and on the various 
measures of the real-life task with the pre-test scores used as a covariant. Results 
showed that students in the group that received metacognitive guidance were better 
able to solve real life problems and communicate their reasoning. These results lend 
support to Franke et al.’s identification of explicit guidance in the conduct of 
discussion as a practice supportive of improved mathematical problem solving.  
Another of the ways that students can be assisted to engage in productive 
discussion during mathematics lessons is by teaching them to engage in “exploratory 
talk”, a “joint, coordinated form of co-reasoning, in which speakers share relevant 
knowledge, challenge ideas, evaluate evidence, consider options and try to reach 
agreement in an equitable manner” (Mercer, 2008, p. 9). A series of studies by 
Mercer (1996) and a group of colleagues (Edwards & Mercer, 1987; Mercer & 
Dawes, 2008; Mercer & Littleton, 2007; Mercer & Sams, 2006; Mercer & Wegerif, 
1999) have examined how teaching students to engage in exploratory talk impacts 
the quality of students’ individual and collective reasoning. One of the studies, 
conducted by Mercer and Sams (2006), employed a quasi-experimental design to 
investigate how teaching students to engage in exploratory talk influenced their 
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participation in mathematical problem solving. The study involved 406 children in 
14 schools. Seven of these teachers received training in how to enable student use of 
exploratory talk during Thinking Together lessons. The other seven teachers and the 
students in their classes formed the control group. Students in the intervention group 
participated in 12 lessons designed to promote exploratory talk, 7 addressed content 
from the English National Curriculum for Mathematics and Science. Teachers in the 
control groups delivered the National Curriculum in their own fashion, with any 
differences in the amount of time devoted to mathematics instruction or to working 
together in groups not accounted for, possibly introducing a potential challenge to the 
study’s findings. However, teachers from the control group were also provided with 
access to the Thinking Together software and materials associated with the National 
Numeracy Strategy. After the lessons, students in both the intervention and control 
groups were administered tests of mathematical knowledge and understanding. 
Teachers and students from both the intervention and control groups were also 
interviewed about students’ mathematical problem solving. Results showed that 
students who participated in teaching and learning about exploratory talk engaged in 
more of this type of talk during mathematics lessons. Further, they were more 
successful on problem-solving tasks as well as on standardised tests (Mercer & 
Sams, 2006).  
In a related study, Rojas-Drummond and Zapata (2003) sought to examine 
whether teaching students to engage in exploratory talk could enhance the problem 
solving and knowledge construction of students from diverse cultural backgrounds. 
Eighty-eight Mexican children from the Fifth and Sixth Grades (aged 10-12 years) in 
two like schools participated, with classes assigned to either an experimental or 
control group. A standardised test that evaluated students’ problem solving abilities 
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was administered to both groups, after which the experimental group was taught how 
to engage in exploratory talk. Students who had participated in the experimental 
group produced significantly more and better arguments. They also argued in a more 
coherent fashion, using justification and a range of other supports to explain their 
reasoning. Most importantly, the study showed that teaching students to engage in 
exploratory talk had a highly significant effect on students’ ability to solve problems.  
 The findings of research into the Thinking Together program resembled those 
of research on similar programs. The Reciprocal Teaching approach (Brown & 
Palinscar, 1989), for example, also involved teachers in providing students with 
explicit teaching of dialogic strategies in which students learn to evaluate and 
respond to the ideas of others. Implementation of this neo-Vygotskian approach 
achieved positive gains in primary school students’ reading comprehension – so long 
as student engagement was expertly scaffolded by a trained and knowledgeable 
adult. Similarly, the Collaborative Reasoning approach (Kim, Anderson, Nguyen-
Jahiel, & Archodidou, 2007; Rheznitskaya et al., 2001) achieved positive gains in the 
quality of secondary students’ reading comprehension and written arguments. Again, 
teachers enabled student learning by actively teaching them to express opinions, 
suggest ideas, and challenge one another’s reasoning.  
Research into the Thinking Together, Reciprocal Teaching and Collaborative 
Reasoning programs was based on the premise that “reasoning is fundamentally 
dialogical and, hence, the development of reasoning is best nurtured in supportive 
dialogical settings such as group discussion” (Rheznitskaya, et al., 2001, p. 155). 
However, findings were not specific to mathematical problem solving. Mercer and 
Sams (2006) undertook additional research with 406 children in Year 5 as well as 14 
teachers to determine whether teaching students to engage in exploratory talk could 
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enhance their mathematical reasoning. After implementing the Thinking Together 
program, they found that “talk-based group activities can help the development of 
mathematical reasoning, understanding and problem-solving” (p. 507).  The 
explanation provided for the program’s success was that learning to clearly articulate 
mathematical reasons enabled collective thinking and also improved individual 
reasoning capabilities (Mercer, 2008). These findings contributed to an established 
body of research documenting the role mathematical communication plays in 
students’ construction of mathematical meaning (e.g., Sfard & Kieran, 2001; Strom, 
Kemeny, Lehrer, & Forman, 2001). The study by Sfard and Kieran (2001), for 
example, evolved from a design experiment (Kieran & Sfard, 1999) that involved the 
development and implementation of a 30 hour teaching sequence to support students’ 
algebraic thinking. The sequence involved pairs of students working together on 
activities then being involved in teacher-coordinated class discussions. It was 
implemented in all three Grade Seven classes (students aged 12-13 years) in a private 
secondary school in Montreal. The student population at the school was comprised 
mainly of students from middle class families where parents were mostly employed 
in the professional or business sectors. Analysis of data generated before and after 
implementation of the program, including results of written tests and verbal 
responses to attitudinal questionnaires showed that the mathematical achievement of 
students who participated in the program increased and that they felt that their 
learning had been enhanced. However, while observing the interactions of student 
pairs involved in the experiment, the researchers noted the difficulty that many 
students experienced in communicating about mathematics. This led to the 
generation of new research questions including the question of how conversations 
with other students affected students’ mathematical learning.  
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The subsequent study (Sfard & Kieran, 2001) involved close observation of the 
interactions of 2 students aged 13 years involved in the implementation of the 
program. The authors used two types of analytic tools to investigate how students’ 
mathematics learning is affected by being involved in conversations with other 
students. They applied focal analysis to generate detailed information about students’ 
conversations in mathematical contexts and to assess the effectiveness of student 
communication. They then applied preoccupational analysis to explore meta-
messages transmitted and how these affected participants’ engagement with 
mathematics. The findings of this study challenged the authors’ existing view of 
“learning-by-talking” (p. 42) as supportive of mathematical thinking. They found 
that much of the interaction observed between the two boys was unhelpful, with 
mathematical learning occurring in spite of, rather than because, of their involvement 
in conversations with a peer. They cautioned against interpreting this finding as 
meaning that involving students in interaction during mathematics teaching was 
always unproductive but were also clear that it could not be taken-for-granted that 
interaction was always supportive of mathematical learning. 
The study by Strom, Kemeny, Lehrer and Forman (2001) is of particular 
relevance to the present study as it explored the emergence of mathematical 
argumentation in a Second Grade classroom and the role of the teacher in 
orchestrating class discussion so as to enable coherent mathematical argument. It is 
also of interest because it is introduced the idea that the teacher’s practice of 
revoicing student talk mediated student identity and participation in the context of 
mathematical argument. This is a rare and early example of work that posits a 
relationship between teacher practices and the formation of students’ mathematical 
identities. 
  
Chapter 2: Literature Review  71 
Over time, research on mathematical communication has evolved to include 
research that examines how mathematical communication mediates the mathematical 
participation of students from backgrounds associated with low mathematical 
achievement (Ben-Yehuda, Lavy, Linchevski, & Sfard, 2005; Sfard, 2008; Sfard & 
Heyd-Metzuyanim, 2011). Recently, attention has been paid to relations of power 
produced through exploratory talk. Research by Rajala et al. (2012), for example, 
showed that exploratory talk can enable students to develop an identity of inclusion. 
This occurs as the various points-of-view expressed by students are legitimised and 
incorporated into classroom discourse (Wegerif, 2008). Identities of inclusion are 
supportive of relational equity. 
Teaching students to engage in exploratory talk is a method of promoting 
dialogic communication and disrupting the traditional dominance of univocal 
communication in the mathematics classroom. An early explanation of univocal and 
dialogic forms of communication was provided by Wertsch and Toma (1995). These 
authors used excerpts from transcripts of a 45-minute Science lesson observed in 
Tokyo, Japan to illustrate differences between these language forms. Univocal 
communication, they state, is used to convey information from one person to another 
person or persons. The chief concern is the accuracy of transmission and it can occur 
in the context of discussion or external to it.  It is this form of communication that, 
according to Wertsch and Toma (1995), dominated USA classrooms at the time. A 
series of reform-oriented initiatives (e.g., Leinhardt & Steele, 2005) since have 
attempted to interrupt the dominance of univocal communication. Nevertheless, 
studies have continued to show that teachers of mathematics often struggle to involve 
students in more dialogic communication (Hufferd-Ackles, Fuson, & Sherin, 2004). 
This is despite teachers being urged to enable student participation in “reasoned 
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collective discourse so that they learn to construct and communicate powerful, 
connected and well reasoned mathematical understandings” (Hunter, 2008, p. 31).  
One form of univocal communication is the “Initiate-Respond-Evaluate” (IRE) 
exchange structure identified by Mehan (1979, p. 65). This form of communication 
involves the teacher initiating an exchange, the learner responding, and the teacher 
evaluating or providing feedback to the learner (Figure 2.1). It has also been named 
“Initiate/Response/Feedback” (IRF) by Sinclair and Coulthard (1975, p. 54) and 
“triadic dialogue” (Lemke, 1990, p. 53).  
  
Figure 2.1. Triadic (IRE/IRF) dialogue. 
Cazden (2001) called this type of interaction “traditional” (p. 5) classroom 
discourse and contrasted it with “non-traditional” (p. 5) classroom discourse. In 
identifying traditional and non-traditional forms of classroom discourse, Cazden 
(2001) drew on her own work as a teacher-researcher as well as that of other 
researchers of classroom communication. During traditional classroom discourse, 
teachers frequently use questioning to elicit a knowledge display rather than to 
Initiate Evaluate 
Respond 
TEACHER 
STUDENT 
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prompt reasoning. While Cazden (2001) acknowledged that there is a place for 
traditional ‘Initiate-Respond-Evaluate’ (IRE) classroom discourse, she suggested that 
non-traditional classroom discourse, during which the teacher shares control over 
discussion with students, is likely to be more supportive of higher-order thinking and 
reflect more equitable relations of power.  
 Promoting dialogic communication, including during class discussion, is 
heavily dependent on effective questioning. Harris (2005) conducted an empirical 
survey (Robson, 1999) of 108 teachers, observing as each teacher taught one science 
lesson and one literacy lesson. Her purposes in adopting this paired observation 
design was to ascertain whether or not the use of questioning changed depending on 
the subject being taught. Thirty-six lessons were observed in each of three year 
levels: Reception, Year 2 and Year 4. Harris (2005) administered a classroom 
observation instrument based on the work of Elstgeest (1985) and Harlen (2000) on 
productive and unproductive question types. Following on from the empirical survey, 
Harris (2005) then conducted 12 case studies to examine the effects of different 
questioning strategies on student learning. Her work was framed within a 
sociocultural framework and influenced by Vygotsky’s (1962) identification of 
interaction as fundamental to learning as well as Lemke’s (1990) work on the role of 
discourse in mediating social practice. Harris (2005) found that teachers’ use of 
open-ended questions increased as students grew older. Reception teachers used 
fewest open-ended questions. 
 The generally low use of open-ended questions in the early years of school 
was also described by Siraj-Blatchford, Sylva, Muttock, Gilden and Bell (2002). 
These authors summarised findings of two major studies. The first of these was a 
five-year longitudinal study that followed the progress of 3000 children aged three 
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and over in 141 preschools throughout England. The second drew on quantitative 
data collected in the first study about the children, their families and their preschools. 
Twelve preschools were identified as effective on the basis of child development 
outcomes and recruited for case study. The multiple case study involved classroom 
observations, individual and focus group interviews, and was extended to include 
two reception classes. Together, the studies represented a large-scale mixed method 
research design investigating pedagogy in the early years of school. In relation to 
questioning, Siraj-Blatchford et al. (2002) found that, although teachers in the early 
years used some open-ended questioning, this was often to stimulate children’s 
imagination rather than to elicit information about student thinking.  
The research described by Siraj-Blatchford et al. (2002) underscores the point 
that open-ended questioning cannot be considered universally ‘good’. In their 
description of three cases of mathematical reasoning as observed in Deborah 
Lowenberg Ball’s Third Grade classroom, Ball and Bass (2000) stress that, while 
open-ended questions can perform the important function of eliciting reasoning and 
justification, student responses must be inspected against the discipline of 
mathematics. Methods and language selected must be compared to the conventions 
of the discipline and held to account. This, they contend, makes mathematics visible 
to students and supports improved collective reasoning in the future.  
The effects of promoting particular forms of mathematical communication 
were examined by Owens (2005). She conducted a collaborative action research 
project with teachers and pre-service teachers of three primary school classes:  one 
Year 5/6 class and two Year 6 classes. The project involved teachers in the delivery 
of lessons on space. Teacher participants received explicit guidance about how to 
involve students in substantive communication and were then involved in a process 
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of ongoing self-reflection as they sought to apply their learning to their teaching. 
Owens (2005) found that despite their new learning, teachers involved in the study 
tended to focus on student use of mathematical language and understanding of 
mathematical concepts. They rarely focused on student thinking. Interactions in the 
classes observed consisted mainly of teacher-led closed questioning, with teachers 
continuing to find it difficult to focus on substantive communication designed to 
promote higher-order thinking. The patterns of interaction observed resulted in 
asymmetric social relations where the teacher retained control over classroom 
communication.  
The research discussed thus far has largely addressed communication in whole 
class contexts. The question of how teachers can support the productive 
communication of students working in small groups was explored by Gillies and 
Khan (2008), who utilised an experimental design. These authors also adopted a 
Vygotskian perspective to investigate how explicit teaching of communication skills 
to support cooperative learning, by teachers trained to do so, impacted on student 
learning. Fifty-one teachers of Years 5 and 6 students in primary schools across 
Brisbane, Australia were recruited to participate in a program of learning about the 
effective management of small groupwork. Teachers participating had between three 
and 30 years teaching experience and were comprised of 10 males and 41 females, 
Teacher participants all attended a two-day workshop that taught strategies for 
setting up small groupwork to enable student learning of Social Science knowledge 
and skills. 
The study by Gillies and Khan (2008) did not examine mathematical 
communication, but its interest in how teachers can shape productive communication 
among students remains of interest here. Teacher participants were randomly 
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assigned by school principals to one of three conditions. The first condition was 
training teachers to scaffold students’ mathematical communication as they engaged 
in cooperative groupwork. The second condition involved enabling cooperation. 
Under the third condition, teachers received no training in enabling either 
cooperation or communication. Lessons in all 51 classrooms (885 students, 404 male 
484 female, mean age 10.65 years) were observed, with two small groups in each 
audiotaped. An observation schedule was used to frame observation. Gillies and 
Khan (2008) found that teachers who were trained in scaffolding communication 
created a more challenging classroom environment and engaged in more scaffolding. 
Students in the classes of teachers trained in promoting productive communication 
during cooperative learning performed better on tests of mathematics achievement 
than students of teachers not similarly trained. 
Some of the research specifically examines how productive mathematical 
communication can be enabled for students from backgrounds associated with low 
mathematical achievement. Hufferd-Ackles, Fuson and Sherin (2004) conducted an 
intensive year-long case study of one teacher working with Latino children in an 
urban elementary classroom in the USA. The purpose of the study was to examine 
how the teacher implemented reforms requiring a shift from traditional teaching to 
the development of the class as a “discourse community” (Hufferd-Ackles et al., 
2004, p. 81).  The researchers found that, while the transition to the practice of 
developing a discourse community was daunting for the teacher, students performing 
below grade level were able to participate and learn within a math-talk learning 
community. Participation in the math-talk community was, they found, positively 
associated with students’ achievement of communication standards outlined in the 
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National Council of Mathematics Teachers’ (2000) Principles and Standards for 
School Mathematics. 
Another approach to promoting mathematical communication supportive of 
equitable outcomes and relational equity was described by Wagner (2007). This 
author researched the effects of teaching critical language awareness in a secondary 
mathematics classroom. Wagner (2007) worked with a group of Year 11 students 
studying Pure Mathematics over a 19-week period. Each week, the class attended 
four 66-minute lessons and one 132-minute lesson. During that time, he co-taught the 
class with their regular teacher. As the participant teacher was traditional in her 
approach, she preferred Wagner (2007) to conduct his lessons on alternate days and 
to be responsible for a particular outcome each day.  Wagner (2007) collected video 
and audio data for every lesson he taught. Data were transcribed and scanned for 
examples of students’ exercising human agency in their relationship with the 
mathematics practised in the classroom. Wagner (2007) was able to show that 
students were enabled to exercise such agency as a result of their participation in the 
teaching of critical language awareness in his classroom. However, Wagner (2007) 
cautioned against generalising his experience to other settings. He considered that 
while teaching critical language awareness was successful with the student group 
studied, it could not be taken to mean that such teaching has a place in every 
mathematics classroom. Rather, it was useful in this case because of the personal 
positioning of students in relation to mathematics. His work suggests that, for 
students for whom the classroom communicative code is unfamiliar, teaching critical 
language awareness may be useful – but other students may find it less so. 
A study by Truxaw, Gorglevski and DeFranco (2010) found that teachers’ self-
awareness in relation to the form of mathematical communication enacted in their 
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classroom was often low. The study was grounded in a sociocultural perspective that 
acknowledged the role of classroom communication in mediating learning 
(Vygotsky, 1962). Truxaw et al. (2010) designed and administered a survey 
instrument to teachers of students in Years K-8 to reveal teachers’ views about their 
use of dialogic, univocal and general communication in their classrooms. They found 
that teachers’ responses to the instrument placed them in distinct categories. 
Teachers viewed themselves as using either dialogic or univocal communication, but 
not both.  These authors recommended further research to determine how teachers’ 
perceptions of their communicative practice were related to enacted practice. 
In this section, I have reviewed research that describes various forms of 
mathematical communication, including how it may be supportive of equitable 
outcomes and relational equity. The research yields evidence that univocal 
communication, traditionally dominant in mathematics classrooms, is less supportive 
of equitable outcomes or relational equity as other forms of communication. Dialogic 
communication, where students play a greater role in classroom discourse through 
involvement in discussion, has been advocated as a method of promoting improved 
mathematical understanding and more equitable social relations. This form of 
communication can be enabled through teacher practices including revoicing, 
teaching metacognitive strategies, providing students with explicit teaching about 
how to engage in productive discussion, and using open-ended questioning. 
2.1.6 Promoting procedural fluency 
While engaging students in discussion and promoting dialogic communication are 
advocated as teacher practices productive of mathematical learning, promoting 
procedural fluency is also integral to effective teaching practice (Franke, Kazemi & 
Battey, 2007; Sullivan, 2011). In mathematics, procedural fluency means the ability 
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to engage in a “sequence of [mathematical] actions” involving “minimal connections 
between succeeding actions in the procedure” (Hiebert & Carpenter, 1995, p. 78). 
Achieving such fluency is integral to enabling equitable outcomes. Without being 
able to fluently complete mathematical procedures, it is not possible to be a 
legitimate participant in the “culture of power” (Delpit, 1988, p. 282) that 
mathematics represents. 
In the past, some mathematics educators considered procedural fluency a 
necessary perquisite for productive engagement in mathematical problem solving 
(Schoenfeld, 2002). However, procedural fluency can be developed, simultaneously 
with conceptual understanding, through and during problem solving. As Schoenfeld 
(2002) put it, “with well-designed curricula, it is possible to teach for understanding 
without sacrificing procedural skill” (p. 23). Further, when achieved through dialogic 
communication, developing procedural fluency can also promote relational equity. 
After analysing the interactions of four pairs of Second Grade students over a ten 
week period, Cobb (1995) found that involving students in small group problem 
solving activities offered opportunities for equitable interactions. Central to Cobb’s 
(1995) analysis was a focus on interactions that occurred after one or both students 
had formulated a solution and then tried to explain his or her reasoning to others, in 
the process trying to resolve conflicts about their understandings.  
2.1.7 Summary 
In this section (Section 2.1), I have detailed research that describes teacher practices 
shown to be effective in enabling mathematical learning, supporting equitable 
outcomes or relational equity. The review of literature has revealed a number of gaps 
in the research on effective and equitable mathematics teaching in the early years. 
There appears to be little research about teacher practices associated with articulating 
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goals for this age-group. There is also a lack of research evidence detailing practices 
supportive of effective collaboration among young students of mathematics. While 
there is considerable research on young students’ involvement in mathematical 
problem-solving, there remains some lingering dissent as to the suitability of 
problem-solving as a pedagogy with students in the early years of school.  The 
identification of these gaps suggests areas in which the study may contribute 
knowledge. 
In addition to identifying gaps, the review has also revealed some forms of teacher 
practice over which there is apparent agreement. One of these is the importance of 
making connections between students’ mathematics learning and their out-of-school 
experiences, as well as between mathematics and other forms of disciplinary 
knowledge. Another is the effectiveness of discussion of mathematics pedagogy, 
particularly when teachers take specified instructional actions to promote productive 
interaction. The general endorsement of these practices suggests that they may have 
contributed to the effectiveness of the teachers studied, but this remains to be 
confirmed through analysis of the research data. I now review the second body of 
research identified as relevant to the research inquiry: research that explores the 
production of mathematical identities through mathematics education. This review is 
necessary to show how other studies have applied theories that have relevance for 
this study. In particular, Lave and Wenger’s (1998) theory of the community of 
practice is significant as it can be used to investigate the formation of students’ 
mathematical identities. 
2.2 Mathematical identities 
Certain mathematics education researchers now propose that is not possible to 
understand children’s learning separately from the “roles and relations played out in 
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classrooms” (Askew, 2008, p. 60).  Millett, Brown and Askew (2004) found, while 
engaged in the influential Leverhulme Numeracy Research Programme (LNRP), that 
student learning of mathematics was inextricably entwined with a range of social 
identities made available to them both in the mathematics classroom and their 
experiences outside school. Different classroom cultures enable or constrain different 
mathematical identities (Askew, 2008). These identities are not allocated to or 
projected on to students, but “made available” (Black et al., 2010, p. 58). It is up to 
students to take them up or not as they exercise individual agency – or their right to 
participate in their own identity production (Boaler & Greeno, 2000; Grootenboer & 
Jorgensen (Zevenbergen), 2009; Wagner, 2007).  
The manner in which mathematical identities are made available to students 
was explored by Grootenboer and Jorgensen (Zevenbergen) in a 2009 theoretical 
paper. In this paper, they drew on Burton’s (2001) work on the practices of 
mathematicians and the meaning of these practices to mathematics education as well 
as Boaler’s (2003) work on classroom practices supportive of student learning and 
equity. They concluded that “working as a mathematician” (p. 258) in the 
mathematics classroom demands the exercise of both individual and disciplinary 
agency, in what has been called a “dance of agency” (Pickering, 1995, p. 21). This 
means that students must learn to exercise personal capacities to act on mathematics 
knowledge as well as mathematics knowledge itself. Empirical research documenting 
how this might occur in practice is reviewed in this section.  
2.2.1 Research investigating the formation of mathematical identities 
Studying students’ emergent mathematical identities has become increasingly 
popular (see, for example, Boaler & Greeno, 2000; Cobb & Hodge, 2002; Graven & 
Buytenhuys, 2011; Grootenboer & Jorgensen (Zevenbergen), 2009; Lerman, 2009; 
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Sfard, 2005; Walshaw, 2011). Researchers use a range of methods and draw on a 
number of theoretical concepts to facilitate inquiry in this area.  
 A sociological perspective was adopted by Swanson (2002) to investigate 
classroom mathematics practices, focusing on the construction of teachers and 
students as ‘disadvantaged’. Swanson (2002) collected teacher and student utterances 
using field notes and audio-recorded interviews, then analysed data generated to 
reveal identity positions projected onto students from disadvantaged backgrounds. 
The study, conducted in an independent boys’ school in South Africa, revealed that 
students identified as ‘successful’ had been given specific access to the “regulating 
principles” (Swanson, 2002, p. 1447) of mathematics, which the ‘disadvantaged’ 
students were not. The study showed how identity positions were made available to 
students through particular classroom practices that act to construct and maintain 
particular forms of  ‘difference’ associated with asymmetric social relations.  
An influential study of how various approaches to mathematics instruction 
shape students’ mathematical identities was conducted by Boaler (2003; 2006). This 
study, already described in this review (Section 2.1) involved the examination of 
students’ varying experiences of mathematics education in three high schools in 
California, USA. This study, first reported on as a four-year longitudinal study, but 
later extended to five years, was grounded in a sociocultural view of learning. In 
building her explanation of how different approaches to mathematics instruction 
shaped students’ mathematical identities, Boaler (2003) drew on Pickering’s (1995) 
idea of the “dance of agency” (p. 21). After examining practice and the mathematical 
identities made available to students, she concluded that mathematics learning is 
advanced when students are given opportunities to exercise individual agency, such 
as choosing their own methods to solve mathematical problems.  Boaler (2003) also 
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concluded that students must also learn to submit to disciplinary agency, meaning 
comply with the rules of mathematical discourse such as learning standard 
mathematical procedures.  
Another study drawing on sociocultural theories of learning was conducted by 
Horn (2008) whose work represented an extension of the Mathematics Teaching and 
Learning Study conducted by Boaler (2006). As mentioned above, this study was a 
five-year longitudinal mixed-methods study that compared students’ experiences of 
mathematics learning and teaching in three distinctly different Californian high 
schools. Horn (2008) joined the study in its third year, after other investigators had 
noted a high proportion of “turnaround students” (p. 201) in two of the high schools 
investigated. Turnaround students were those who showed dramatic improvement in 
their participation and learning in college preparatory mathematics courses, 
exceeding expectations based on their scores of tests of mathematic achievement 
prior to entry to high school.  
 In her study, Horn (2008) examined concepts of mathematics and 
mathematical ability reified in the school settings of turnaround students. In this 
work, she sought to bring together two research agendas: work exploring students’ 
formation of mathematical identities and that examining equitable curricular 
organisation. After Sfard and Prusak (2005), Horn (2008) considered that identity 
served as a useful construct for examining equity because of its potential to support 
analysis of individual learners and learning contexts. Horn (2008) analysed data from 
the longitudinal study to explore the learning trajectories of seven turnaround 
students over time, both within and across academic years. Her study demonstrated 
that mathematical identities are constructed as result of participation in multiple 
communities of practice, such as the mathematics classroom as well as social or 
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cultural groups. Her findings suggest a possible widening of the research gaze to 
consider not only how the practices of individual teachers are involved in shaping 
students’ mathematical identities, but how the practices of various “teacher 
collectives”, or groups of teachers, might be so involved (p. 201). 
The studies by Swanson (2002), Horn (2008) and Boaler (2006) involved 
students in the middle and upper (secondary) years of school. A number of other 
studies have explored the mathematical identity development of students in the 
middle and upper years (Andersson, 2011; Askew, 2008; Black, 2004; Black, et al., 
2010; Esmonde, 2009; Gresalfi, 2004; Kajee, 2008; Solomon, 2009). A particularly 
helpful study in terms of method and findings was that conducted by Cobb and 
Hodge (2009) who closely examined the participation of 11 students in the 8th Grade 
who were attending an urban school in the USA. The school population was 
comprised of 40% African American students and 60% Caucasian students. Of the 
11 students in the group studied, seven were African American, three were 
Caucasian and one was Asian American. The 11 students were participants in a 
classroom design experiment that involved their participation in a 14-week program 
of classroom instruction during which they practised increasingly sophisticated ways 
of analysing bivariate data sets. The purpose of this data analysis class was to enable 
students to form increasingly effective data-based arguments. During the period of 
data generation, the 11 student participants also attended the algebra class conducted 
by their regular teacher of mathematics. 
The experiences of the students during each class were compared. In the 
algebra class, students received the guidance of a highly experienced (25 years) 
teacher of mathematics who delivered content in line with the regular curriculum 
programs. This teacher remained accountable to the school, while the teacher 
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working with the intervention group (one of the researchers) was not. In the data 
analysis class, a researcher with 15 years classroom experience taught the class.  
The format for the lessons in each class differed markedly. Students in the 
algebra group typically participated in lessons where the teacher first reviewed 
homework problems. Students posed questions, placing their solutions on the 
whiteboard where they were scrutinised and discussed by the teacher. The teacher 
then introduced new problems that would later become homework problems. She 
demonstrated methods of problem solutions and students were then engaged in 
guided practice of methods demonstrated. The lessons typically finished with the 
teacher introducing new homework problems. In the data analysis group, lessons 
typically began with the introduction of a problem or issue considered relevant to 
students’ experience in some way. The teacher and students then discussed what 
types of data needed to be generated to address the problem or issue. Data was then 
introduced and students worked individually or in small groups, using a computer-
based analysis tool, to analyse the data and form conclusions in respect to the 
original problem or issue. There was no homework and not tests were given. Tasks 
performed in class were used to assess student learning. 
Data generated during the design experiment comprised video recordings of 
one class per teacher, per week, for 10 weeks, in each of the algebra and data 
analysis classes. In addition, field notes collected during the first and final two weeks 
were recorded and 41 interviews were conducted with the 11 student participants 
over the period of data generation. These data were analysed using a variation on 
Glaser and Strauss’ (1967) method of constant comparison as adapted to the analysis 
of longitudinal data sets in mathematics education by Cobb and Whitenack (1996).  
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Analysis led to the documentation of two sets of obligations evident in 
classroom practice: general classroom obligations, in particular those related to the 
distribution of authority and forms of agency exercised by students, and 
mathematical obligations, particularly standards for mathematical argumentation and 
normative ways of reasoning with tools and symbols. Cobb et al. (2009) found that, 
in the algebra classroom, authority over mathematical communication was located in 
the position of teacher. Students exercised disciplinary agency, meaning that they 
complied with the rules of mathematics, but were not given much opportunity to 
exercise their own authority (personal agency) over communication. In the data 
analysis class, authority was distributed among students and the teacher, and students 
exercised both personal and disciplinary forms of agency. This led to students in 
each classroom forming different normative identities, that is, different 
understandings about what it means to be a “doer of mathematics” (p. 51) in each 
classroom.  
In the algebra classroom, being a doer of mathematics was largely a passive 
experience. The normative identity made available in this class was largely 
constructed by the teacher, with students having little opportunity to bring their 
personal identities into play. In the data analysis classroom, students contributed to 
the construction and reconstruction of the normative identities available, influenced 
by their own personal identities that were expressed as they exercised personal 
agency. The authors (Cobb et al., 2009) found that, in the data analysis class, 
students formed a broader view of what it meant to be mathematically competent and 
were more likely to feel successful. To illustrate, all 11 student participants said they 
felt successful in the data analysis, whereas only four of the same students said they 
felt successful in the algebra class. In their findings, the authors found additional 
  
Chapter 2: Literature Review  87 
support for the earlier finding by Cohen and Lotan (1995) that when classrooms that 
present a broader construction of what it means to be mathematically competent 
(normative identity), it is likely that a greater proportion of students will see 
themselves as competent, reducing persistent status differences in mathematics 
classrooms. 
The formation of mathematical identities in the early years of school was 
explored by Anderson and Gold (2006), who studied the mathematical practices of 
four children attending an urban preschool setting. Guided by a view of mathematics 
as a situated social practice, their intent was to investigate how numeracy practices 
“travel” (Anderson & Gold, p. 262) between home and school, shaping students’ 
emergent mathematical identities. Student participants all attended an elementary 
school in Philadelphia, USA located in a low-income, working class African-
American community. The researchers (two White and two African-American) 
observed the numeracy practices of students at home and at school, guided by 
questions including “What are the purposes of the activities from the perspective of 
the different participants?” and “How do home and school numeracy practices 
interact across settings to constitute social identities” (Anderson & Gold, 2006, p. 
266). 
Identity formation always involves the negotiation of multiple identity 
positions available across contexts. Anderson and Gold (2006) concluded that young 
students engaged in legitimate mathematical practices at home and at school. 
However, teachers’ failure to recognise and acknowledge students’ out-of-school 
mathematical practices meant that they were less likely to develop mathematical 
identities of agency. In mathematics classroom, identities of agency are evident when 
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students “generate questions, discuss problems, evaluate validity and contribute 
‘more of themselves’” (Anderson & Gold, 2006, p. 264) 
A search for literature documenting research into the mathematical identity 
development of young children also yielded two additional studies. One by Strom, 
Kemeny, Lehrer and Forman (2001) and another by Ambady, Shih, Kim, and 
Pittinsky (2001). Strom et al. (2001) developed and applied two complementary 
frameworks to analyse mathematical argumentation in one Second Grade classroom 
in the United States during a single 50-minute lesson. First, they analysed the 
semantic structure of classroom conversation to produce graphical representations 
(directed graphs) demonstrating the interrelationship of various mathematical 
practices and forms of knowledge. They then drew on Goffman’s (1981) expanded 
repertoire of roles in speech to analyse how the teacher orchestrated discussion so as 
to promote coherent argument.  
The teacher participant in the study by Strom et al. (2001) had participated in a 
program of professional learning designed to enhance her ability to help children 
construct their understandings of Space and Geometry. The program encouraged 
teachers to “progressively mathematize” students’ own everyday experiences after 
introducing those experiences into classroom conversation. Talk that occurred during 
the lesson analysed was fragmented, or parsed, into segments aligned with 
conversational “turns” (Strom et al., 2001, p. 739).  The lesson was further divided 
into five 10-minute segments, each comprised of a different number of ‘turns’, plus 
one 2-minute segment during which a follow-up lesson was introduced. 
Conversational fragments (turns) were coded in line according to three schemes, one 
associated with mathematics conceptual knowledge, another with mathematics 
procedural knowledge and a third with students’ prior knowledge. The authors 
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constructed visual representations (directed graphs) to show how various 
conversational moves led to particular outcomes and also used an “adjacency matrix” 
(p. 750) to illustrate the interrelationship of various forms of knowledge. They also 
analysed the teacher’s practices to show how they were associated with various 
knowledges. Findings included that the teacher’s practice of revoicing students’ 
responses, or translating them into mathematical knowledge, was particularly 
effective in supporting children to construct mathematical meaning. The authors also 
found that the frequent “I” statements made by teacher and student participants 
reflected the alignment of each with collective and personal identity positions 
associated with the practice of mathematics in the classroom. 
Research on the relationship of collective and personal identities to 
participation in school mathematics was also conducted by Ambady et al. (2001). 
These authors examined the effects of “activating” student identities associated with 
ethnic and gender stereotypes on the mathematical achievement of Asian-American 
girls from Kindergarten through Year 8. Eighty-one Asian-American girls from the 
Greater Boston area were recruited for this study and randomly assigned to one of 
three conditions. The first condition was designed to ‘activate’ students’ ethnic 
identities by referring them to cultural stereotypes and involved students in Years K-
2 colouring a picture of two Asian children eating rice with chopsticks. The second 
was designed to activate students’ gender identities and involved students colouring a 
picture of a girl with a doll. The third condition, the control, involved students in 
colouring a picture of a landscape.  
After the conditions were applied, students were then individually administered 
as standardised mathematics test. After 15 minutes working on the test, children were 
administered two implicit “stereotype awareness” tasks. The first of these involved 
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participant children hearing a story about a student (gender not specified) who was 
very good at maths, then being asked to recount the story while the researcher noted 
whether the participant child used “he” or “she” to describe the mathematically able 
student. The second involved the researcher telling another story about a 
mathematically able child and then showing participants a picture of both an Asian 
and non-Asian child. Participants were then asked to identify the child they thought 
was mathematically able. The same tests were later applied to another participant 
group of Asian-American boys. Student participants were then all asked explicit 
questions about who was better at maths: Asian or non-Asian students, boys or girls.  
While the validity of the methods used was not confirmed in the study, and 
might be considered questionable from the vantage point of a decade’s further 
research, the authors concluded that children as young as 5 years were susceptible to 
stereotypes about ethnicity and gender, and the activation of identities associated 
with these stereotypes had the potential to both positively (in the case of ethnicity) 
and negatively (in the case of gender for girls) influence mathematical identity 
development. The relevance of these findings to teacher practice was not discussed.  
The findings of the study by Ambady et al.(2001) have been confirmed 
recently by a study that again examined students’ implicit and explicit identification 
with various stereotypes. Cvencek and Meltzoff (2012) reported on their study of 247 
Asian-American children aged 6-10 years. Like Ambady et al.(2001), Cvencek and 
Meltzoff (2012) measured students’ implicit and explicit identification with cultural 
and gender stereotypes. Like Ambady et al. (2001), they found that students form 
mathematical identities associated with gender and ethnicity as early as the Second 
Grade. They did not compare students’ identification with stereotypes to 
  
Chapter 2: Literature Review  91 
mathematical achievement or explore how teacher practices mediated students’ 
mathematical identity development.  
This brief exposition of studies that investigate the mathematical identity 
development of young children illustrates two features of the research. First, that it is 
difficult to locate recent research that investigates how teacher practices influence the 
mathematical identity development of young students. Second, the literature that is 
available often includes young children as only a sub-group or pays only brief (if 
any) attention to how teacher practices shape identity development. This study 
addresses a gap by examining the role of teacher practices in shaping the 
mathematical identity development of young children as a distinct group. This will 
be framed by concepts including that of the CoP. For that reason, I now outline 
research relevant to the research question that also draws on the concept of the CoP. 
2.2.2 The CoP: Agency and identity 
Invoking the concept of the CoP in mathematics education research can help discern 
the relationship between the structural features of mathematical activity and 
emergent mathematical identities (Goos, 2008). The model of the CoP underpins 
research that describes mathematical ‘communities of learners’ (e.g., Balacheff, 
1991; Cobb, Stephan, Mclain, & Gravemeijer, 2001) and ‘mathematical communities 
of inquiry’ (e.g., Doig, 2009; Fujii, 2009; Groves & Doig, 2002; Kennedy, 2008; 
Sherin, 2002; Splitter, 2009). These bodies of research present variations on the 
generic concept of the CoP.  
 The theory of CoP has been applied extensively to examine how participation 
in various practices determines equitable outcomes and relational equity. For 
instance, Solomon (2009) drew on the concept of the CoP as well as Bernstein’s 
(2000) theorisation of pedagogic identities to discern how participation in 
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mathematics classroom CoPs shaped students’ relationships with mathematics and 
made identities of participation available to some students and not others. Drawing 
on a range of research data, including case studies conducted in mathematics 
classrooms with students in Year 5 (aged 9-10 years), Solomon (2009) examined the 
patterns of interaction that emerged during participation in the classroom CoP.  Of 
the primary school children who participated in the case studies, one in five (19%) 
were from a low SES background. Solomon (2009) video-recorded 24 one-hour 
mathematics lessons over a period of five months, then analysed the lessons to reveal 
patterns of interaction. She was able to show that students took up particular and 
consistent social roles associated with their level of “cultural capital” (Bourdieu & 
Passeron, 1973, p. 72). Middle-class students tended to experience more social 
interactions with the teacher and were more likely to take up identities of 
participation. Students from low SES backgrounds experienced less productive 
interactions with the teacher and were less likely to take up identities of participation. 
Solomon’s (2009) research led her to conclude that students’ relationships with 
mathematics are founded in their experiences of mathematics in the early years of 
school, and are particularly shaped by the nature of interaction in the mathematical 
CoP.  
 The theory of CoP has been applied in Australian settings to investigate the 
development of student identities of participation and non-participation. Ewing 
(2004) interviewed 43 early school-leavers and others who had not completed their 
mathematics courses for reasons such as failing to complete required assessment. 
Drawing on the theory of CoP, she found that particular teacher practices, 
particularly teachers’ communication practices, contributed to students taking up 
mathematical identities of non-participation. Similarly, Black’s (2004) ethnographic 
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study of a Year 5 primary mathematics classroom revealed patterns of unequal 
participation during class discussion. Black (2004) argued that these patterns 
contributed to making identities of participation available to some students but not 
others. Black (2004) also concluded that, in order to address educational 
disadvantage, there is a continuing need to examine the “systems and processes that 
reproduce wider social inequalities within the classroom micro-climate” (p. 34).  
 A case study of one reform-oriented mathematics classroom conducted by 
Goos (2004) also drew on Wenger’s (1998) theory of CoP to investigate the teachers’ 
role in creating a classroom community of inquiry. The study found that the teacher’s 
expectations were crucial to student engagement in productive mathematics dialogue.  
Another study conducted by Martin (2006) involved  interviewing and observing 
students, teachers, parents and community members in a high school with a high 
proportion of African-American students. This study revealed differences between 
patterns of interaction that characterised African-American students’ experiences 
outside school and those that characterised mathematics lessons. These differences 
acted to “racialise” the experiences of African-American students in regard to 
mathematics education, making it more difficult for them to take up identities of 
participation (p. 197). The study showed the importance of structuring classroom 
interaction to make particular mathematical identities available to students. It also 
demonstrated how students can exercise individual agency in choosing to take up or 
resist mathematical identities.  
 Like others involved in the investigation of mathematical identities, Boaler 
and Greeno (2000) applied the theory of CoP to frame analysis of students’ 
participation in mathematics teaching and learning and discern mathematical 
identities made available as a result of that participation. They concluded that 
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identities of agency are made available to students through participation in 
mathematics classroom CoPs where students are engaged in practices such as 
generating questions, discussing problems and evaluating the validity of others’ 
reasoning. Further, they concluded that the identities of agency formed as students 
“contribute more of themselves” (p. 189) in these classrooms may be crucial to 
achieving mathematical success.  
2.2.3 Summary 
This final section of the chapter has situated the study within the body of research 
that examines the development of the mathematical identities of students, including 
research framed by the concept of the CoP. I have cited research that shows students’ 
mathematical identities to be under construction from the early years of education. I 
have also examined research that identifies students’ first experiences of school 
mathematics as formative in terms of ultimate achievement and disposition in respect 
to mathematics. However, I was unable to identify a body of research about how 
mathematical identities productive of equitable outcomes and relational equity can be 
made available to students in the early years of school. This might be attributable to 
challenges inherent in defining what constitutes the unit of analysis when 
investigation is concerned with questions of identity (see Lerman, 2012). However, 
when identity is understood as constructed through negotiating multiple identity 
positions made available through experience, the study of students’ emergent 
mathematical identities can be achieved by identifying and examining identities 
made available through teacher practices. Such research can then be seen to be both 
plausible and worthwhile, and is therefore pursued here. 
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Chapter 3: Theoretical Framework 
This chapter outlines the theoretical framework that underpinned investigation of the 
research question, namely: 
How were practices enacted by teachers of young children 
participating in mathematics education at Mirabelle School 
supportive of equitable outcomes and relational equity? 
In response to this question, a framework was constructed comprising theoretical 
concepts that facilitate: 
1. description of mathematics teaching in two early years classes; and  
2. explanation of the relationship between mathematics teaching in the 
classes studied, equitable outcomes and relational equity.  
The research interest in equitable outcomes equates to an interest in identifying 
teacher practices that enable the mathematical achievement of all students, including 
those from backgrounds associated with low mathematical achievement. The aim of 
this chapter is to describe the theoretical framework, providing a rationale for the 
inclusion of its constituent parts by demonstrating their relevance to the research 
question.  
The chapter is laid out in four sections. In Section 3.1, I establish the 
epistemological basis for the study. This section grounds the study within a 
sociocultural view on knowledge production that frames learning as a process of 
identity production. Section 3.2 describes the concept of the CoP as theorised by 
Lave and Wenger (1991) and later elaborated by Wenger (1998, 2003, 2010). This 
concept enables investigation of how identity is constituted through various teacher 
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practices in the CoPs and forms the basis of the theoretical framework. Key concepts 
from Bernstein’s (1975, 1990, 2000) theory of pedagogic discourse are introduced in 
Section 3.3. Concepts selected are those with potential to explain how particular 
practices constituted social relations in the CoPs. The concepts introduced in this 
section, when applied alongside concepts that theorise the role of agency in the CoP 
(Section 3.4) enable analysis that reveals how teaching practices made certain 
mathematical identities available to students, thereby enabling equitable outcomes 
and relational equity. The theoretical framework is summarised in Section 3.4. This 
framework forms the basis for articulation of the research design and methods in 
Chapter 4.  
3.1 Learning and identity: A sociocultural perspective 
This study adopts a sociocultural perspective on knowledge and learning. 
Sociocultural perspectives are grounded in the notion that individual cognition 
originates in, and is unable to be separated from, social interaction (Lerman, 1996). 
When viewed from a sociocultural perspective, learning involves more than the 
acquisition of knowledge. It involves becoming “a certain type of person in the 
world” (Horn, 2008, p. 204), or developing a “specialised identity” (Bernstein, 2000, 
p. 62).  
The construct of identity pertains to who a person is. However, as Roth (2007) 
explains, “We do not know who a person is independent of the actions of that 
person” (p. 56). This associates identity with actions or experience, framing it as “a 
layering of events of participation and reification by which our experience and its 
social interpretation inform each other” (Wenger, 1998, p. 151). The association of 
identity with actions or experience aligns with Gee’s (2001) concept of “Discourse-
Identity” (p. 118), which is the way in which a person is recognised by themselves 
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and others as related to discourse. In this case, discourse is understood as any 
combination of speech, action, physical expression, dress, feeling, beliefs and values 
and tool use that can “get one recognised” as a certain type of person (Gee, 2001, p. 
100). When viewed in this way, identity is understood as cumulative rather than 
fixed: a unique trajectory through “discourse space” (Yoon, 2012, p. 25) where 
multiple discourses interact to project a number of specialised identities on to 
individuals who are active in taking up those identities, or not.  
The type of specialised identity developed through mathematics education is 
called a mathematical identity (Horn, 2008). Horn (2008) described mathematical 
identities as “self-understandings students develop about their relationships to 
mathematics and the understandings that are assigned to them in the social world” (p. 
204). Mathematical identity mediates student access to important mathematical 
knowledge and to opportunities to apply this knowledge in real life, as in high status 
professions (Esmonde, 2009). Because of this, the investigation of mathematical 
identities is relevant to any inquiry that sets out, as this one does, to uncover the 
relationship of teaching practices to the achievement of equitable outcomes, 
especially for students from backgrounds associated with low mathematical 
achievement, and relational equity.  
Mathematical identities of various types are produced as learners position 
themselves and are positioned by others in relation to mathematics through processes 
of reflection and interaction (Solomon, 2009). To understand the production of 
mathematical identities, it is necessary to examine the social roles and relations that 
are played out in mathematics classrooms (Askew, 2008). The concept of the CoP 
(Wenger, 1998, 2003, 2010) provides a means to examine the social roles and 
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relations within mathematics classrooms and account for the development of 
students’ mathematical identities through participation in mathematics education.  
3.2 Identity production and Wenger’s theory of the CoP 
In this section, I describe the concept of the CoP and explain its position in the 
theoretical framework and its relevance to investigation of the research question. 
Later, I explore concepts from Bernstein’s (1975, 1990, 2000) theory of pedagogic 
discourse and its relationship to the concept of the CoP within the theoretical 
framework (Section 3.3.4). 
The concept of the Community of Practice (CoP), articulated first by Lave and 
Wegner (1991) and further elaborated by Wenger (2003, 2007, 2010, 2010), provides 
one method of explaining identity production. A CoP is a “community created over 
time by the sustained pursuit of a shared forward enterprise” (Wenger, 1998, p. 45). 
Participants in the CoP engage in practices that “reflect both the pursuit of [the 
shared] enterprise and attendant social relations” (Wenger, 1998, p. 45).  
Over the last two decades, as sociocultural perspectives have gained 
acceptance among mathematics education researchers, reference to the mathematics 
classroom as a CoP has become almost ubiquitous (Lerman, 2009).  The concept of 
the CoP has sometimes been interpreted as representing a particular type of 
progressive pedagogy (e.g., Ewing, 2004; Goos, Galbraith, & Renshaw, 1994; Goos, 
et al., 1999) but it is also a method of explaining learning by providing a model of 
the social practices and relations that constitute the learning environment (Boylan, 
2010). This latter interpretation of the concept accommodates the idea that CoPs can 
take a range of forms. While equitable student participation can be promoted within a 
CoP, it can also be inhibited (Wenger, 2003). Here, I adopt this latter view of the 
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CoP as a model with explanatory power, as it provides an opportunity to investigate 
the nature of social relations in the CoP (Section 3.2.4). When applied in this way, 
the concept of the CoP is generalisable to any social learning system, including those 
whose membership includes young children. In one of his earliest expositions of the 
concept, Lave (1991) referred to the “apprenticeship” of young children into 
sustained communities of practice” (p. 65) and it continues to be applied to research 
of young children’s practices in a range of contexts (e.g., Marsh, 2010; Martin, 
2010).  
Understanding how mathematical identities are produced in the CoPs depends 
on understanding the forms of practice that define legitimate participation within 
them. Wenger (1998) identified three categories of practice, or “forms of 
competence” (p. 76), that define legitimate participation in the CoP. Studying these 
forms of competence supports identification of the practices that constitute 
membership in the CoP, the first step in uncovering the relationship between practice 
and students’ development of mathematical identities. In the next section, I briefly 
describe these three forms of competence and identify one form, mutuality, because 
of their relevance to the research question. 
3.2.1 Defining legitimate participation: Forms of competence 
Forms of competence, as conceptualised by Lave and Wenger (1991) and further 
elaborated by Wenger (1998, 2003, 2010) are sets of criteria or expectations that 
govern conduct in the CoP. Lave and Wenger (1991) identified three forms of 
competence that govern conduct: enterprise, mutuality and shared repertoire. 
Aligning one’s conduct with these forms of competence is integral to becoming a 
legitimate participant in the CoP. 
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The first form of competence, enterprise, incorporates understanding of what 
the CoP is for (Lave & Wenger, 1991). Being inducted into the enterprise of a CoP 
means coming to recognise the legitimate business of the community. Mutuality 
comprises criteria and expectations that dictate social behaviour and constitute social 
relations in the CoP (Wenger, 1998). Acquiring this form of competence involves 
coming to know and operate within the systems of “mutual engagement” that 
determine social conduct in the CoP (Wenger, p. 73). It is important to be clear here, 
that systems of mutual engagement can take a range of forms. Systems of mutual 
engagement are inclusive of, but not limited to, those that are marked by genuine 
reciprocity and productive of symmetrical power relations. Systems of mutual 
engagement can constituted by interactions where one party assumes or is allocated a 
dominant position, producing power relations that are asymmetrical. The shared 
repertoire consists of resources essential to the pursuit of the enterprise of the CoP 
(Wenger, 1998). These resources can be concepts, methods, words, symbols, tools, 
techniques, traditions, standards, or any other resource that has been produced or 
adopted by the CoP in pursuit of its joint enterprise (Wenger, 1998). Acquiring a 
shared repertoire means becoming proficient in the use of those concepts, methods, 
tools and so on. To illustrate how mathematics education can be structured so as to 
promote various forms of competence, I have developed a table (Table 3.1). The 
table categorises criteria and expectations associated with various types of 
mathematics instruction (e.g., problem-centred) according to the form of competence 
particular criteria or expectations are likely to promote. 
To illustrate further, when the key task of a CoP is seen to be developing 
students as mathematical problem-solvers, there may be an expectation that students  
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Table 3.1 
Mathematical Practices Associated with Forms of Competence  
 
Enterprise 
 
Mutuality 
 
Shared Repertoire 
• Developing sound 
understandings of 
mathematical concepts 
• Students’ mathematical 
reasoning is evaluated by 
the teacher 
• Mathematical concepts 
 
• Becoming competent 
doers of mathematics 
• Methods of problem 
solution are directed by 
the teacher 
• Mathematical procedures 
 
• Becoming mathematical 
problem-solvers 
• Students make decisions 
about methods  
• Mathematical ways of 
working 
 
make their own decisions about suitable mathematical methods. This expectation 
would form part of the system of mutual engagement (mutuality) governing conduct 
in the CoP. The intent in aligning students’ conduct with this expectation might be to 
help them become skilled in mathematical ways of working, such as using 
identifying strategies to solve problems. 
Much of the research about mathematics teaching and its effects on students in 
the early years of school has examined the effects of various pedagogies on students’ 
development of a shared repertoire of mathematical concepts, procedure and skills 
(Walshaw & Anthony, 2008). It is only recently that interest in the establishment of 
sociocultural norms and their impact on mathematical learning has garnered more 
attention (e.g., Cobb & Hodge, 2002; McClain & Cobb, 2001; Sullivan, Mousley, & 
Zevenbergen, 2006; Voigt, 1995; Zevenbergen, Mousley, & Sullivan, 2004). In this 
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study, I contribute to this growing field of inquiry and so have adopted a focus on the 
form of competence known as mutuality. Mutuality is the form of competence of 
most relevance to the research question: “How were practices enacted by teachers of 
young children participating in mathematics education at Mirabelle School 
supportive of equitable outcomes and relational equity?” This is because the criteria 
and expectations that comprise mutuality determine social relations and therefore 
mediate relational equity. It is also mutuality that will determine the degree to which 
students are encouraged to exercise agency or be included in participatory social 
practices.  
 Forms of competence, including mutuality, represent discourse in action. This 
statement is based on a view of discourse as “recognised and accepting ways of 
being which draw on cultural models within a particular social situation.” (Solomon, 
2009, p. 33) As examples of discourse in action, the forms of competence that define 
participation in the CoP shape individuals’ processes of identification. Over time, as 
individuals participate in multiple events during which practices are endorsed as 
legitimate by other community members (Wenger, 1998), individuals take up 
identities associated with those practices. Wenger (1998) identified three processes 
or “modes” (p. 173) via which this sense of belonging, or identification, develops. He 
called these “modes of belonging” (Wenger, 1998, p. 173), later revising this to 
“modes of identification” (Wenger, 2010, p. 184). In order to understand how 
various teacher practices enacted in the CoP make certain mathematical identities 
available to students, it is necessary to determine the involvement of various modes 
of identification. I now describe the various modes and identify those of relevance to 
the research question.  
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3.2.2 Explaining mathematical identity development: Modes of 
identification 
There are three “modes of identification” (Wenger, 2010, p. 184) through which 
identities of participation, such as mathematical identities, are constructed within a 
CoP: engagement, imagination, and alignment. Engagement, as conceptualised by 
Wenger (1998, 2003, 2010), refers to the involvement of individuals in practices that 
define membership in a CoP. Through engagement, individuals come to identify with 
the CoP as they act in ways that conform to that community’s sociocultural norms. In 
a mathematical CoP, engagement occurs as students are involved in various types of 
mathematical activities. Imagination, as conceptualised by Wenger (1998, 2003, 
2010) is the means by which participants in a CoP construct an image of themselves, 
their communities, and the relationship of both to the wider world. In a mathematical 
CoP, imagination occurs when students are encouraged to envision the relation 
between their practice within the CoP and the practices of mathematicians in the 
wider world as well as the relation between mathematics and their own experience.  
Through the process of alignment, practice within the CoP is connected to discourses 
in circulation outside the immediate CoP (Wenger, 1998, 2003, 2010). 
Depending on how each mode is enacted in the CoP, and its relationship to the 
other modes and forms of competence, various identities are made available to 
participants in the CoP. Solomon (2009) for example, describes a mathematical 
“identity of inclusion” (p. 27) that involves developing a positive perception of 
oneself as a both participant in mathematical discourse and active in the ongoing 
development of that discourse. Identity development of this type addresses not only 
students’ emerging competence as participants in mathematical discourse, but the 
“cultural, social, emotional and personal aspects of each individual in a particular 
context” (Maguire & O'Donoghue, 2003, p. 156).  This form of mathematical 
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identity enables a “productive disposition” (Sullivan, 2011, p. 7) towards 
mathematics, meaning a positive attitude supportive of engagement. A productive 
disposition is one of the capabilities considered integral to students becoming 
competent users of mathematics in the world.    
Other mathematical identities associated with capabilities considered integral 
to the development of numeracy are identities of agency and identities of 
competence. Mathematical identities of agency develop in participatory mathematics 
classrooms where students ask questions, discuss problems and participate in the 
evaluation of one another’s mathematical reasoning (Anderson & Gold, 2006; Boaler 
& Greeno, 2000). Identities of agency enable students to engage in adaptive 
reasoning and exercise strategic competence, capabilities included in contemporary 
conceptualisations of numeracy (see Sullivan, 2011). Without forming an identity of 
agency, an individual is unlikely to apply mathematical knowledge to unfamiliar 
situations, as do numerate people. The formation of mathematical competence 
involves coming to be seen by oneself and others as a competent “doer of 
mathematics” (Martin, 2007, p. 147). When students see themselves and others with 
whom they are engaged in mathematical activity as competent, status differences that 
characterise mathematics classrooms are likely to be reduced (Cobb, Gresalfi, & 
Hodge, 2009), enabling relational equity. 
3.2.3 Relational equity 
In an environment characterised by relational equity, power is distributed among the 
CoP and participants’ interactions are genuinely respectful and mutually supportive 
(Boaler & Staples, 2008). Wenger (2003) offers a model (Table 3.2) to enable 
interrogation of practice to determine how it is supportive of relational equity or, as 
Wenger puts it, the degree to which practice is progressive. This model considers 
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various dimensions of the CoP. Each dimension comprises practices associated with 
one form of competence as shaped by a particular mode of identification, for 
example, at the intersection of enterprise and engagement. These practices are 
interrogated to discern the power relations that they both reflect and promote. 
Wenger’s (2003) model for examining dimensions of progress within a CoP 
(Table 3.2) enables interrogation of practice to determine the qualitative features of 
various forms of competence and the involvement of various modes of identification 
in shaping those features.  As such, it forms a useful addition to the theoretical 
framework of this study, particularly the questions provided by Wenger (2003) to 
examine systems of mutual engagement (mutuality) in a CoP as well as other forms 
of competence. Questions of relevance to data analysis are shaded in Table 3.2. 
3.2.1 The usefulness of the CoP to the theoretical framework 
The usefulness of the concept of the CoP to inquiry into the effects of pedagogy on 
identity development has been recognised by mathematics education researchers 
such as Kanes and Lerman (2008). However, the concept has attracted criticism from 
some of the same scholars (Kanes & Lerman, 2008) and a range of others (e.g., 
Boylan, 2010; Engeström, 2007; Handley, Sturdy, Fincham, & Clark, 2006). These 
scholars challenge the concept’s usefulness on the grounds that it inadequately 
explains how power relations, like relational equity, come to be formed within the 
CoP.   
Questions about the ability of the concept of the CoP to support interrogation 
of power relations are especially important when the concept of the CoP is applied to 
mathematics   classrooms,  where   participation  is  required   rather  than   voluntary   
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Table 3.2 
Dimensions of Progress within CoPs 
 Forms of competence 
 
  
Enterprise:  
Learning energy 
 
Mutuality: 
Social capital 
 
Repertoire:  
Self-awareness 
 
M
od
es
 o
f i
de
nt
ifi
ca
tio
n 
Engagement What are the 
opportunities to 
negotiate a joint 
inquiry and address 
important 
questions? Do 
members identify 
gaps in their 
knowledge and 
work together to 
address them? 
 
What events and 
interactions weave 
the community and 
develop trust? Does 
this result in an 
ability to raise 
troubling issues 
during discussions?  
To what extent have 
shared experience, 
language, artefacts, 
histories, and 
methods 
accumulated over 
time, and with what 
potential for further 
interactions and new 
meanings?  
Imagination What visions of the 
potential of the 
community are 
guiding the thought 
of leaders, 
inspiring 
participation, and 
defining a learning 
agenda? And what 
picture of the 
world serves as a 
context for such 
visions? 
 
What do people 
know about each 
other and about the 
meanings that 
participation in the 
community takes in 
their lives more 
broadly? 
Are there self-
representations that 
would allow the 
community to see 
itself in new ways? 
Is there a language 
to talk about the 
community in 
reflective mode? 
Alignment Have members 
articulated a shared 
purpose? How 
widely do they 
subscribe to it? 
How accountable 
do they feel to it? 
And how 
distributed is 
leadership?  
What definitions of 
roles, norms, codes 
of behaviour, 
shared principles, 
and negotiated 
commitments and 
expectations hold 
the community 
together? 
What traditions, 
methods, standards, 
routines, and 
frameworks define 
the practice? Who 
upholds them? To 
what extent are they 
codified? How are 
they transmitted to 
new generations? 
 
Note. From “Communities of practice and social learning systems”, by E. Wenger, 
2003, in D. Nicolini, S. Gherardi & D. Vanow (Eds.), Knowing in organizations: A 
practice-based approach, pp. 82. Copyright 2003. Adapted with permission. 
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(Boylan, 2010). Wenger (2010) addressed criticisms of the CoP as a “powerless 
concept” (p. 188), by claiming that questions about power underpin the 
conceptualisation of the CoP.  The concept of the CoP describes how individuals are 
inducted into social practices considered legitimate by a group. According to Wenger 
(2010), the issue of who determines what practices are legitimate within the CoP and 
how they do this goes directly to the question of how power is distributed. Wenger’s 
(2003, 2010) later work offers a fuller explanation of how the concept might be 
applied to reveal relations of power. This is accomplished through his articulation of 
the CoP’s “dimensions of progress” (Wenger, 2003, p. 99), shown at Table 3.2. 
Despite Wenger’s (2003) development of a model (Table 3.2) that enables 
description of power relations in a CoP, like Kanes and Lerman (2010), I find that 
the concept of the CoP pays scant attention to how such relations come to be. To 
address this problem, and to enable theorisation about how power relations are 
established in the CoPs, I have integrated conceptual tools from Bernstein’s (2008) 
theory of pedagogic discourse into the theoretical framework. 
3.3 Concepts from Bernstein’s theory of pedagogic discourse 
According to Bernstein (2000) identity production relies on pedagogic discourse, the 
principle, or “rule” (Bernstein, 1990, p. 183), by which discourses are appropriated 
and recontextualised to facilitate their transmission and acquisition. Pedagogic 
discourse separates knowledge from the social context (or discourse) in which it 
originated and translates it into a form (a new kind of discourse) that is useable in an 
educational context (Chouliaraki & Fairclough, 1999). It is via pedagogic discourse 
that mathematics becomes school mathematics. Bernstein’s theorisation of pedagogic 
discourse comprises a suite of concepts that explain the internal workings, or 
“grammar” (Bernstein, 2000, p. 28), of any relationship between teacher and student.  
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 In evolving a theoretical framework for the study, I have selected several 
Bernsteinian concepts with potential to make visible the “generative relations of 
power and control” (Singh, 2002, p. 1) present in pedagogy. First, to facilitate 
detailed description of practices that comprise the mathematical CoPs, I have 
included principles used by Bernstein (1990, 2000) to describe how all discourses are 
structured: classification and framing. The framework also includes Bernstein’s 
(1990, 2000) concept of vertical/horizontal discourse, which is used to categorise 
discourses depending on the ways in which they are classified and framed. It also 
describes the type of knowledge communicated. To facilitate investigation of how 
practice is aligned with criteria and expectations governing conduct in the CoP, the 
theoretical framework relies on Bernstein’s (1975, 1990, 2000) concept of 
visible/invisible pedagogies. This concept is used to describe pedagogies according 
to their structure (classification and framing) and attendant social relations.  
3.3.1 Structuring principles: Classification and framing 
All discourses are structured according to the principles of “classification” and 
“framing” (Bernstein, 2000, p. 99). Classification is the principle that determines 
how distinct, or separate, a discourse is from other discourses (Bernstein, 1990, 
2000). The degree of distinction, or separate-ness, between a discourse and others is 
described by referring to the ‘strength’ of its classification. A discourse that is 
strongly classified is one well insulated from others, and therefore highly specialised. 
A strongly classified discourse represents privileged knowledge, available only to 
those with access to its distinctive discursive code. Mathematics as practised by 
mathematics scholars is an example of a strongly classified discourse because the 
language and tools associated with its practice are highly specialised, with their use 
largely confined to mathematical activity. A weakly classified discourse is one 
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whose boundaries are fuzzier and less clearly defined.  Mathematics as practised in 
the community can be a less strongly classified discourse, with a range of methods 
and tools deemed legitimate by users themselves rather than by reference to an 
established code. For example, people can devise their own methods for accurately 
calculating change that bear little or no resemblance to school methods of calculating 
differences between numbers. 
 According to Bernstein (1990, 2000) the strength of classification evident 
within various discourses is directly related to the distribution of power. The 
boundaries between discourses establish positions of power thus enabling opposition 
to, or adoption of, strategies. As Exley (2005) puts it, “Who has access to what 
knowledge, and in turn to power, can be revealed by examining the positioning or 
ordering of knowledge categories” (p. 109). The discipline of mathematics has been 
identified as a strongly classified discourse, and therefore privileged knowledge. 
However, mathematics and school mathematics are not the same thing. School 
mathematics is a different discourse entirely, made up of elements drawn from the 
discipline of mathematics but recontextualised for communication in the school 
setting.  
 The principle of classification as described, then, provides a way of 
recognising the limits of discourse. Framing, on the other hand, relates to how 
particular discourses are realised. The realisation of discourses is achieved through 
the communication and enforcement of rules governing how, and by whom, 
discourse will be selected, sequenced, paced and evaluated for transmission 
(Bernstein, 1990, 2000). These rules, established through the framing of classroom 
communication, constitute the social and discursive orders that govern practice, 
influencing the way in which teachers and students behave, think and feel and the 
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body of knowledge that can be communicated within the learning and teaching 
environment. In short, framing is about “who controls what” (Bernstein, 2000, p. 13, 
and how they exercise that control.  
Like degrees of classification, the nature of the framing within a particular 
discourse is described according to its strength (Bernstein, 1990, 2000). The idea that 
the communication of discourse, including via pedagogy, can be strongly or weakly 
framed is intended to convey the degree to how readily the “acquirer” might perceive 
the boundaries, or “rules” of discourse (Bernstein, 2000, p. 12). A strongly framed 
pedagogy is one in which the selection, sequencing, pacing, and evaluation of 
instructional material is kept under strict control by the teacher. When pedagogy is 
framed in this way, as in teacher-directed pedagogies, the rules for communication of 
discourse are more easily recognised, that is, visible. Power relations are relatively 
asymmetrical, with the teacher retaining authority over setting and enforcing the 
communicative rules. A more weakly framed pedagogy is marked by more relaxed 
communicative practices. Selection, sequencing, pacing and evaluation are 
negotiated with learners in an attitude of exchange. In such pedagogy, the 
communicative rules are less easy to recognise, rendering pedagogy less visible. 
Power relations are more symmetrical, as authority over setting and enforcing is 
shared among teachers and students. 
One of the problems that can emerge when one adopts Bernstein’s (2000) 
method of describing framing strength is a tendency to dichotomise framing as either 
strong or weak. However, these categories are not opposed but form part of a 
continuum. For this reason, it is important to adopt the convention, as I do here, of 
describing framing as stronger/weaker or, alternatively, more or less strongly framed. 
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This is intended to convey that describing the strength of framing, just like 
classification strength, proceeds by degrees not simple categorisation. 
 Stronger framing was evident in several large-scale early numeracy initiatives 
previously implemented in Australasia, for example, Count Me In Too (Bobis, 2009) 
and the Early Numeracy Research Project (Department of Education and Training, 
2002). Each of these programs applied explicit sequencing rules, marking each 
student’s mathematical learning trajectory into discrete steps or stages. Each program 
also identified levels of performance students are expected to achieve by a certain 
age. Should students not have met these benchmarks, they were further stratified via 
identification as candidates for remedial intervention. For the purposes of this study, 
the concept of framing can be usefully applied to describe the communication 
practices employed by teachers in the classes studied. As the framing of 
mathematical communication determines the degree to which students will be able to 
exercise agency, it also determines relations of power. Ultimately, description of 
framing evident in mathematical communication in the CoPs under investigation 
enables conclusions about mathematical identities made available to students and 
how those identities are supportive of equitable outcomes and relational equity. 
3.3.2 Vertical and horizontal discourse 
According to Bernstein (1990), there are two basic types of discourse: “vertical” and 
“horizontal” (p. 157). Vertical discourses are knowledge fields that are 
systematically organised in line with an internal hierarchy of abstract principles 
(Bernstein, 1990, 2000). Forms of esoteric disciplinary knowledge, such as the 
disciplines of mathematics and science (inclusive of, but encompassing more than, 
school mathematics and science), are examples of vertical discourse. Vertical 
discourses are strongly classified, with clear boundaries separating them from other 
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discourses. Vertical discourses are also strongly framed via the careful selection, 
sequencing, pacing and evaluation of the knowledge and practices they contain. Most 
approaches to school mathematics are concerned with communicating vertical 
discourse. Vertical discourses are generally contrasted with horizontal discourses, 
which are viewed as tacit, multi-layered and closely associated with everyday life 
(Muller, 2001). 
 Horizontal discourses are ‘common-sense’ everyday practical knowledges 
collected through and particular to lived experience rather than generalisable to other 
contexts (Bourne, 2003). Unlike vertical discourses, horizontal discourses are not 
referenced to abstract principles but dependent on local contexts for meaning 
(Muller, 2001). Horizontal discourses are weakly classified (Bernstein, 1990, 2000). 
That is, the boundaries between horizontal discourses and other forms of knowledge 
are porous and ill-defined. Horizontal discourses are also weakly framed, with only 
loose control exerted over the selection, sequencing, pacing and evaluation of 
knowledge and practices. The relationship of the principles of classification and 
framing to those of vertical and horizontal discourse is represented in Figure 3.1. 
Classification and framing are expressed as independently varying continua. When 
classification and framing are understood as co-existing attributes of knowledge 
discourses, vertical discourses can be situated at the strong end against both continua 
and horizontal discourses situated at the weaker end.  
 Discourse, whether vertical or horizontal, forms the substance of what is 
communicated via pedagogy (Bernstein, 1999, 2000). Schools are necessarily 
concerned with the reproduction of vertical discourses. In the past, this concern led to 
a preoccupation with ensuring that students acquired mathematical concepts and 
skills,  especially  computation,   but   this   often   occurred  in  isolation  from  their 
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Figure 3.1. Discourse by strength of classification and framing. 
  
application (Boaler, 1998). Over the last few decades, the conviction that school 
mathematics should be personally useful and engaging has led to moves to weaken 
boundaries between real life knowledge and more abstract mathematical knowledge, 
or between horizontal and vertical discourses. When this approach is taken, the form 
of enterprise towards which a mathematical CoP is oriented is different. For 
example, the implicit or explicit goal of instruction might be developing students 
who are competent users of mathematics and can apply their competence to the 
solution of mathematical problems.  
 The form of enterprise toward which practice in a CoP is oriented can 
influence the forms of pedagogy used to induct individuals into legitimate 
participation. In the next section, I describe the two forms of pedagogy described by 
Bernstein, visible and invisible pedagogy. The inclusion of the concepts of visible 
and invisible pedagogy in the theoretical framework enabled me to draw conclusions 
about the relationship between particular forms of pedagogy and mathematical 
identities made available to students in the classes studied.  
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3.3.3 Visible and invisible pedagogy 
Visible pedagogy is marked by stronger classification and stronger framing 
(Bernstein, 1990, 2000). A strongly classified pedagogy is one in which boundaries 
between subjects, intellectual spaces or discourses are clearly defined. A strongly 
framed pedagogy is one in which the teacher dominates the selection, organisation, 
sequencing, pacing and evaluation of what constitutes legitimate knowledge. Visible 
pedagogy is frequently cast in opposition to invisible pedagogy, which is marked by 
weaker classification and weaker framing. In a weakly framed pedagogy, teacher 
control is (at least apparently) relaxed in favour of greater student control. The 
differentiation of visible and invisible pedagogy according to the strength of its 
classification and framing is represented in Figure 3.2.  
Discourse that is more strongly classified and framed is not necessarily 
productive of, or communicated through, pedagogy that is similarly classified and 
framed. The same is true of discourse that is more weakly classified and framed. 
That is, it is not the case that the form of pedagogy enacted is necessarily productive 
of a particular form of discourse. Decisions can be made to relax either the 
classification or framing of pedagogy, while still seeking to communicate a strongly 
classified and framed discourse. The nature and effect of such decisions in the 
classes studied is one of the topics of interest to this study. 
3.3.1 Visible and invisible pedagogies and mathematics education 
Various conclusions have been drawn about how visible and invisible 
pedagogies might shape student participation in mathematics education. In the past, 
the simple dichotomisation of visible/invisible pedagogy positioned invisible 
pedagogy as inherently progressive, and  visible pedagogy as inherently conservative  
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Figure 3.2. Pedagogy by strength of classification and framing. 
 
(Bernstein, 2000). However, Lubienski (2000, 2004) and others (e.g., Cooper & 
Dunne, 2004) have demonstrated that the adoption of an invisible pedagogy can 
reinforce persistent inequities in the distribution of mathematical knowledge. These 
authors suggest that by masking the dominant position of vertical discourse within 
curriculum, invisible pedagogies produce a situation where student participation is 
evaluated against criteria that are unknown and unknowable to students from 
particular backgrounds. Boaler (2002), however, has demonstrated that reform-
oriented mathematics programs do not disadvantage students from low SES 
backgrounds, provided teachers make certain features of mathematical discourse 
explicit to students through pedagogy that is both radical and visible.  
 Radical pedagogies focus on collective access to valued forms of knowledge 
(vertical discourses) as students work together to learn the rules of these discourses 
and how they can be incorporated into their own knowledge and experiences. Within 
radical pedagogies, rules of pacing, and sequencing are relaxed to allow greater 
interaction between vertical and horizontal discourses. Radical pedagogies usually 
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take the form of invisible pedagogy, where the inevitable authority of the teacher is 
masked behind apparently emancipatory practice (Rose, 2004). However, radical 
visible pedagogies explicitly acknowledge the teacher’s authority and responsibility 
to transmit important cultural knowledge but allow teachers and students to negotiate 
the space between students’ real life experiences and the disciplinary knowledge that 
comprises cultural capital. Figure 3.3 describes the location of radical visible 
pedagogy in relation to the archetypal forms of visible and invisible pedagogy. 
 
Figure 3.3. Radical visible pedagogy: Classification and framing. 
 
 Like Boaler (2002), Bourne (2004) posited that radical visible pedagogy can 
enable students from low socio-economic backgrounds to take up specialised 
identities, such as that of a mathematically competent person, more effectively. After 
observing a teacher in a high-achieving urban, multi-ethnic school, Bourne (2004) 
concluded that the teacher enacted radical visible pedagogy by helping students to 
recognise the formal, academic discourse with which they are working, the rules of 
that discourse and how to demonstrate their competence within the discourse. The 
teacher also carefully managed the staged introduction of horizontal discourses 
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familiar to students, as she assumed a more informal style to discuss students’ own 
experiences and the relationship of these experiences to the academic material 
covered in the lesson. 
 The argument that radical visible pedagogy can support students from diverse 
backgrounds to take up specialised identities valued within the school environment 
and wider official arena has also been taken up by Lerman and Zevenbergen (2004). 
These authors drew on mathematics education research conducted from a 
Bernsteinian perspective to demonstrate how classroom communicative practices 
work selectively to control and position students, “particularly in relation to social 
class, gender, ability and ethnicity” (Lerman & Zevenbergen, 2004, p. 572). Like 
Bourne (2004), Lerman and Zevenbergen (2004) argued that students from diverse 
backgrounds enjoy more success in developing mathematical literacy if taught how 
to “recognise the unspoken, or invisible, aspects of pedagogies, particularly reform 
ones” (p. 28). 
 To summarise, this section has identified a number of concepts from 
Bernstein’s (1975, 1990, 2000) theory of pedagogic discourse whose addition to the 
theoretical framework enhances its ability to explain relations of power in the CoPs 
and how they are generated. The manner in which these concepts interact to facilitate 
such explanation is represented in Figure 3.4, which represents relationships between 
Bernsteinian concepts used to explain identity production. As Figure 3.4 shows, 
knowledge discourses (Figure 3.4, Point A) – both horizontal and vertical – are 
translated into new knowledge discourses (Figure 3.4, Point D) via pedagogic 
discourse (Figure 3.4, Point B). These new forms of discourse are communicated to 
students through visible or invisible pedagogies (Figure 3.4, Point C), establishing 
social relations and shaping students’ specialised identities (Figure 3.4, Point E). In 
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the case of mathematics education, the vertical discourse of mathematics is one of 
the discourses that teachers are likely to set out to communicate to students (Figure 
3.4, Point A). Through their adoption of various forms of pedagogy (Figure 3.4, 
Point C), and according to the principle of pedagogic discourse (Figure 3.4, Point B), 
teachers of mathematics effect the translation of the vertical discourse of 
mathematics into the enacted discourse of school mathematics (Figure 3.4, Point D) 
establishing social relations and making available particular mathematical identities 
(Figure 3.4, Point E).  
In this section, I have also addressed suggestions that the concept of the CoP 
does not adequately describe how power relations are established. I have done this by 
integrating concepts from Bernstein’s (1975, 1990, 2000) theory of pedagogic 
discourse to create a theoretical framework that addresses part of the critique the 
concept of the CoP.  However, another part of the critique of the CoP is that the view 
of identity presented by Lave and Wenger (1991) and Wenger (1998, 2003, 2010) is 
explicitly individual and “formed passively and inductively” (Kanes & Lerman, 
2008, p. 315). This suggests that agency is insufficiently acknowledged in the 
concept of the CoP and not at all explained. In the next section, I address agency in 
the concept of the CoP and outline ideas included in the theoretical framework to 
address this latter part of the critique. 
3.4 The role of agency in the CoP 
Suggesting that participants in a CoP play a largely passive role in the formation of 
their identities reflects a misunderstanding of what is meant by participation in by 
Lave and Wenger’s (1991) and later Wenger’s (1998, 2003, 2010) conceptualisation 
of the CoP. Wenger (1998, 2003, 2010) describes participation as referring “not just 
to local events of engagement in  certain activities with  certain people, but to a more  
  
Chapter 3: Theoretical Framework  
 
119 
 
 
Figure 3.4. Bersteinian concepts explaining identity production. 
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encompassing process of being active participants in the practices of social 
communities and constructing identities in relation to these communities” (p. 4; 
emphasis in original). Thus, participation involves individual action or human 
agency, defined as a “capacity to plan, implement and evaluate the attainment of a 
goal”  (Brown & Redmond, 2008, p. 101) .   
 The theorisation of human agency has largely been confined to the individual 
exercise of personal agency, especially when conducted from a psychological 
perspective. However, proponents of social cognitive theory, which examines the 
relationship of motivation and learning, have extended the theorisation of agency to 
include a collective form (see Hernandez & Iyengar, 2001). Collective agency is 
exercised when people work together to achieve shared goals. It is dependent on and 
an expression of collective power, and requires interdependent action. In a 
mathematical CoP, personal agency is exercised when students make their own 
decisions in respect to problem solution pathways or methods of mathematical 
representation. Collective agency is exercised in a mathematical CoP when 
individuals come together to solve “groupworthy problems” (Lotan, 2003, p. 72), the 
solution of which depends on utilising the collective resources of the group (Horn, 
2005).   
3.4.1 Forms of agency as theorised by Pickering 
Human agency, both personal and collective, plays a role in identity production in 
the CoP. In addition, it influences the nature of the CoP itself. This is because agency 
affords individuals the power to choose how they act in any given situation and 
contingent on their choice is the possibility of effecting change in their environment. 
Choices made by individuals in the CoP influence both their identities and can also 
influence the forms of practice endorsed as legitimate by the group. However, 
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returning to Bernstein’s (1990, 2000) theorisation of pedagogic discourse, the degree 
to which the exercise of individual or collective agency will be encouraged, allowed 
or dissuaded in a CoP will depend on the classification and framing of pedagogy.  
 The knowledge (shared repertoire) and social structures (mutuality) that 
define the CoP can be influenced by human agency, but also possess a form of 
agency themselves. Pickering (1995, 2008) names this “disciplinary agency”, which 
is made up of the “socially sustained routines of human agency that accompany 
conceptual structures” (p. vi). Returning once again to Bernstein’s (1990, 2000)  
theorisation of pedagogic discourse, disciplinary agency is an expression of vertical 
discourse. Table 3.3 illustrates distinctions between forms of agency involved in 
identity production in the CoP.   
In Pickering’s (1995, 2008) view, practice involves the interaction of human 
and disciplinary forms of agency in a reciprocal relationship that not only shapes 
personal identities, but also the nature of discourses themselves. The CoP provides 
the venue for such interaction, with the degree to which various forms of agency 
dominate practice determining the degree to which the CoP might be seen to support 
relational equity. For example, where students are given opportunities to participate 
in decision-making (exercise human agency), leadership of the CoP is likely to be 
distributed. When this happens, relations of power are more equitable.  
3.4.1 Rationale for including agency in the theoretical framework 
Including concepts that enable investigation of the forms of agency promoted 
within a CoP enables conclusions about the degree to which practice in the CoP is 
supportive  of  equitable outcomes  and  relational equity.  To illustrate,  becoming  a 
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Table 3.3 
Forms of Agency Involved in Identity Formation in the CoP 
 
Human agency 
 
Disciplinary agency 
 
Personal 
 
Collective 
 
• Personal goals • Shared goals • Goals linked to 
disciplinary enterprise 
• Independent action • Interdependent action • Action guided by rules of 
discipline 
• Autonomous decision-
making 
• Collective decision-
making 
• Decision-making 
complies with rules of 
discipline 
 
3.4.2 Rationale for including agency in the theoretical framework 
Including concepts that enable investigation of the forms of agency promoted within 
a CoP enables conclusions about the degree to which practice in the CoP is 
supportive of equitable outcomes and relational equity. To illustrate, becoming a 
legitimate participant in the CoP depends on the exercise of disciplinary and human 
agency. When a member of the CoP defers to disciplinary agency, they take up a 
mathematical identity of competence that accompanies conduct aligned with the 
vertical discourse of mathematics. This identity of competence enables mathematical 
success, the key determinant of equitable outcomes for students from backgrounds 
associated with low mathematical achievement. When a member of the CoP 
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exercises personal or collective agency, they contribute to the formation of social 
relations marked by the distribution of authority.  
 Given that participation in the legitimated discourse of school mathematics 
has been shown to mediate access to elite professions and a range of other forms of 
social privilege, forming a mathematical identity of participation is essential to the 
achievement of relational equity. The inclusion of the concepts of human and 
disciplinary agency in the theoretical framework affords the study the opportunity to 
further articulate the nature of social relations (including relations of power) in the 
CoP and the mathematical identities formed as a result. When combined with the 
concepts selected from Bernstein’s (1975, 1990, 2000) theory of pedagogic 
discourse, the theoretical framework also facilitates explanation of how these 
relations came to be. 
Including the concepts of agency and identity in the theoretical framework also 
addresses a concern raised by Hugo, Bertram, Bloom and Naidoo (2008). Referring 
to a rich tradition of Bernsteinian research in the South African context, they 
cautioned that the application of Bernsteinian concepts can sometimes lead to the 
endorsement of pedagogies that are inherently inequitable. This is because 
Bernsteinian concepts, with the exception of specialised identities, describe the 
“relay” (Bernstein, 2000, p. 31) of the pedagogic message, not the power relations 
reflected or endorsed by the message itself. When the concepts of agency and 
identity are included, the message communicated via pedagogy can be made visible. 
3.5 The theoretical framework in summary 
The theoretical framework that guided investigation of the research questions 
comprises concepts with capacity to describe and explain the learning and teaching 
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of mathematics in the CoPs studied. The concepts of the CoP (Lave & Wenger, 
1991; Wenger, 1998, 2003, 2010) and of personal, collective and disciplinary agency  
(Hernandez & Iyengar, 2001; Pickering, 1995, 2008) enable description of the 
features of the learning environment and the degree to which it is supportive of 
relational equity. Concepts drawn from Bernstein’s (1975, 1990, 2000) theory of 
pedagogic discourse provide the framework with power to explain how the forms of 
pedagogy enacted in the CoPs acts to support the development of particular types of 
mathematical identities.  
 By including concepts that both describe and explain learning and teaching 
and its effects, the theoretical framework complies with the model for empirical 
research provided by Bernstein (1990, 2000) who suggested that such research 
depends on the development of two different languages of description. The first, an 
“external language of description” (Bernstein, 2000, p. 135) describes what ‘is’, that 
is, the external observable features of a phenomenon. The second, an “internal 
language of description” (Bernstein, 2000, p. 135) draws on theory to explain what 
has been described. This second language sets the “rules to read the data” (Exley, 
2005, p. 156).  In this study, the concept of the CoP, those that describe various 
forms of agency and concepts drawn from Bernstein’s (1975, 1990, 2000) theory of 
pedagogic discourse comprise the internal language of description. The external 
language of description is comprised of categories used to describe the research 
phenomenon as outlined in Chapter 4. Both languages are locked in a dialogic 
relationship, each informing the other. Relationships between the various concepts 
that make up the framework (internal language of description) are illustrated in 
Figure 3.5, which is a representation of the study’s theoretical framework. The 
framework incorporates the concepts of vertical and horizontal discourse (Figure 3.5, 
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Point A), which describe the forms of cultural knowledge circulating within 
individual experience external to the CoP. The concept of pedagogic discourse 
(Figure 3.5, Point B) describes how these discourses are translated, or 
recontextualised, into pedagogy (Figure 3.5, Point C) within the CoP, which can be 
expressed along a continuum from visible to invisible. Through this process, various 
identities, (Figure 3.5, Point E), including mathematical identities, are made available 
to students. Agency, in its human or disciplinary forms, also exerts influence over the 
process (Figure 3.5, Point D). The framework is generic in the sense that it has the 
capacity to describe and explain the way in which any type of CoP facilitates identity 
production. In this study, the framework underpins investigation of mathematical 
CoPs to determine the types of mathematical identities made available to students in 
the CoPs and processes of identification are supported by various pedagogies. In the 
next chapter, I explain the methods used to gather data suitable for application of this 
framework. 
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Figure 3.5. Framework theorising mathematical identity production in a CoP.
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Chapter 4: Research Design and Methodology 
In this chapter, I describe the use of a critical case study design to investigate the 
research question: 
How were practices enacted by teachers of young children 
participating in mathematics education at Mirabelle School 
supportive of equitable outcomes and relational equity? 
The chapter begins with a description of the case study design, along with a rationale 
for its adoption (Section 4.1). This is followed by a description of how participants 
were selected (Section 4.2) and the methods used to generate data in response to the 
research question (Section 4.3). Section 4.4 outlines methods used to analyse data, 
which is followed by a brief discussion of the approach taken to promote the 
trustworthiness of the research design, including reflexivity and ethical 
considerations (Section 4.5). The chapter concludes with a brief discussion of 
potential and actual limitations of the design (Section 4.6). 
4.1 Research design: Critical case study 
The research design is a critical case study, a case study (Stake, 1995) framed by the 
values, interests and goals of critical research. A critical case study is appropriate 
because the research question examines how mathematics teaching in the CoPs 
enabled students, including those from backgrounds associated with low 
mathematical achievement, to achieve equitable outcomes and experience relational 
equity. A concern with equity underpins critical research, which is oriented towards 
social critique and the achievement of emancipatory goals (Merriam, 2009). By this, 
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I mean the identification of forms of domination that can impede the ability of 
individuals and groups to reach their potential.  
In evolving a critical case study design, I have drawn on Stake’s (1995) view 
of the case study as a flexible and responsive methodology. Stake (1995) posits that 
case study design is defined by what is studied, rather than how.  Case study as thus 
conceptualised concerns itself with capturing the complexity of a case, in whatever 
ways will best illuminate its unique and salient features. This design afforded me the 
freedom to select from a range of techniques to formulate a design uniquely 
responsive to the research question. 
The specification of a critical case study design aligns with Lave and Wenger’s 
(1991) and later Wenger’s (1998, 2003, 2010) theorisation of the CoP, which forms 
the basis of the study’s theoretical framework (see 3.2). Applying concepts from the 
theory of CoP supports analysis of social practices to determine their role in the 
achievement of equitable outcomes, another of the key tasks of critical research 
(Madison, 2011). The specification of the method as a critical case study also aligns 
with the inclusion of concepts from Bernstein’s (2000) theory of pedagogic discourse 
in the theoretical framework (see Section 3.3). These are Bernstein’s (1990, 2000) 
concepts of classification and framing, vertical and horizontal discourse, and visible 
and invisible pedagogy. Bernsteinian theory is oriented towards explaining how 
relations of power are established through pedagogy. As critical research is 
concerned with investigating how forms of domination construct disadvantage, the 
goals of Bernsteinian theory and critical theory align. Together, Bersteinian concepts 
selected assist investigation of pedagogy and how it is involved in structuring 
relations of power.  
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4.2 Research participants 
The selection of research participants was purposeful (Creswell, 2012). This 
involved targeting settings, participants or events because of their ability to provide 
information or insight unlikely to be found elsewhere (Maxwell, 2005). The first step 
in the selection of participants was the selection of the research site. In the next 
section, I articulate my reasons for selecting Mirabelle School. I then document the 
methods employed to gain access to the research site and secure the acceptance of 
research participants. 
4.2.1 Selecting the research site: Why Mirabelle School? 
Recall, Mirabelle School was selected as the research site for three reasons: 
1. Mirabelle School was participating in a program of education reform called 
the New Basics; 
2. Mirabelle students in Year 3 performed better on tests of state-based tests of 
numeracy than their peers in like schools; and 
3. The student population at Mirabelle included a high proportion of students 
from backgrounds associated with low mathematical achievement. 
At the time of participant selection, Mirabelle School was implementing a trial 
model of education reform known as the New Basics. This was important because 
this study was conducted under the auspices of an Australian Research Council 
(ARC) Linkage Project Beyond letters numbers and screens: New Basics, 
technologies, numeracy and early childhood (Grieshaber, et al., 2002-2004). The 
project was concerned with examining how participation in the New Basics project 
impacted on students’ experiences of technology and mathematics education. As the 
recipient of the Australian Postgraduate Award (Industry) scholarship included in 
this project, I was attached to this project.  
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That Mirabelle School was involved in the New Basics remains worth stating 
for another reason. One of the key premises on which the New Basics project was 
founded was the Equity Premise (Education Queensland, 2000). This premise put 
forward that the project should address the “economic and cultural aspirations of the 
most at-risk and culturally diverse communities” (Education Queensland, 2000, p. 6). 
For this reason, schools selected for the New Basics Trial were not representative of 
the general population of Queensland school students. Prior to the commencement of 
the trial, the scores of students in trial schools were below those of students in non-
trial schools. It was the New Basics’ stated intention to promote improved outcomes 
for at-risk students. As this study seeks to contribute knowledge about how teachers 
can support the numeracy development of young students from backgrounds 
associated with low mathematical achievement, the fact that the school selected as a 
research site was from the New Basics cohort remains salient. 
The industry partner for the scholarship was Education Queensland, the 
division of the Queensland Department of Education, Training and Employment  
responsible for state schooling. While in the initial phases of participant selection and 
recruitment, I approached members of the Assessment and New Basics Branch at 
Education Queensland and asked them to identify schools participating in the New 
Basics trial that they considered effective in supporting students’ numeracy 
development. One of the schools identified was Mirabelle School. The second and 
most important reason for the selection of Mirabelle School as the research site was 
that students in Year 3 at Mirabelle School performed better than their peers in like 
schools on state-based tests of mathematics.  
The performance of students in Year 3 was assessed using these tests during 
each year of the New Basics Trial (Matters, et al., 2004).  Over the years of the trial, 
  
Chapter 4: Research Design 131 
officers from the education authority responsible for implementation of the New 
Basics advised that Year 3 students at Mirabelle School performed better on state-
based tests of numeracy than students in other schools participating in the Trial. 
Mirabelle students also performed better than students in schools with similar student 
populations in terms of SES that did not participate in the Trial.  
The performance of Mirabelle students on tests of numeracy was atypical of 
the performance of students in the early years at other schools involved in the New 
Basics trial. Prior to the trial of the New Basics, there was an achievement gap 
between schools involved in the trial and those that were not for all age-groups and 
on tests of both literacy and numeracy During the trial, this gap decreased in both of 
these learning domains for most age-groups (Matters, et al., 2004). The only group 
for whom the gap increased was Year 3 students, in the domain of numeracy. This 
means that for all student groups assessed (Years 3, 5 and 7) across the domains of 
literacy and numeracy, the achievement of young children in mathematics was the 
only area to have deteriorated during the New Basics trial (Matters, et al., 2004). 
Mirabelle School, however, was one of a small number of trial schools that defied 
this trend. These circumstances directed attention towards what might be happening 
in the early years of school at Mirabelle that supported students’ emergent numeracy 
development. Also of interest was that the student population at Mirabelle School 
included a significant proportion of students from low SES backgrounds. At the time 
of data generation, the principal reported that the school was included in the Special 
Programs Schools Scheme. Prior to the implementation of this scheme, the school 
was part of the Disadvantaged Schools Scheme. Schools were selected for these 
schemes when their student populations included a large number of students from 
low SES backgrounds.  
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4.2.2 Gaining access to the site and identifying case(s) for study 
Gaining access to the research site involved first obtaining ethical clearance from the 
Queensland University of Technology Human Research Ethics Committee 
(Appendix 2) and submitting an Application to Conduct Research in Education 
Queensland State Schools in accordance with protocols laid down by the Queensland 
Department of Education and the Arts (Appendix 3).  Once secured, ethical clearance 
and approval to conduct research were both contingent upon obtaining the informed 
consent of the school principal, as well as of teacher and student participants 
(Appendix 4). Obtaining the informed consent of research participants was 
contingent upon identification of the case(s) for study.  
Identifying Mirabelle School as a research site was an important first step in 
participant selection. However, identifying the school as the research site did not 
mean that it constituted the case for study. The research question restricts interest to 
teaching and learning in Years 1 and 2 classes at Mirabelle School. During an early 
exploratory meeting with the school principal, I was advised that all students in 
Years 1 and 2 at the school were enrolled in one of two classes: Mrs Kelly’s class or 
Mrs Roberts’ class. Both of these teachers were willing to participate in the study. 
So, the classes led by these teachers, which I call Mrs Kelly’s CoP and Mrs Roberts’ 
CoP respectively, seemed ideal cases for study. However, the way in which Years 1 
and 2 classes at Mirabelle School were organised introduced additional complexity 
into the process of identifying them as distinct cases. 
Case study usually begins with the identification of a “bounded system” 
(Creswell, 2012, p. 97) for investigation. However, Dowling and Brown (2010) have 
taken issue with the definition of the case as a bounded system, suggesting that 
seeing cases in this way represents both a “mythologizing of research and a 
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romanticizing of the world in general” (p. 171). According to Dowling and Brown 
(2010), the boundaries of social systems are unlikely to be self-evident, and are often 
defined differently by various actors within the social setting. Social systems are 
neither mutually independent nor transparently ‘knowable’, so case boundaries can 
be indistinct or ephemeral.  
The challenges inherent in identifying what constitutes relevant bounded 
systems were readily apparent at Mirabelle School. At Mirabelle, students’ 
participation in early mathematics education was not confined to their own class. 
Individuals engaged in mathematics teaching and learning under the guidance of Mrs 
Kelly comprised Mrs Kelly’s CoP and those under the guidance of Mrs Roberts 
comprised Mrs Roberts’ CoP. However, membership in the CoPs was not mutually 
exclusive. Nor was membership in the CoPs equivalent to the membership of the 
teachers’ own classes.  
Both teachers’ classes were comprised of students in Years 1 and 2. On three 
days of each week (Mondays, Wednesdays and Fridays), Mrs Kelly and Mrs Roberts 
conducted mathematics lessons with their own multi-age classes. On the other two 
days (Tuesdays and Thursdays), Mrs Kelly worked with Year 1 students from both 
classes and Mrs Roberts worked with Year 2 students from both classes. As a result, 
all students in both classes experienced teaching with both Mrs Kelly and Mrs 
Roberts over the course of their first two years at Mirabelle School. One reason for 
this arrangement, as stated by the school principal during her individual interview, 
was that students could work with students on the same year level for at least part of 
the week.  
The porous nature of the boundaries between the two classes, or mathematical 
CoPs, involved in the mathematics education of young students was a unique feature 
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of the case that shaped the research design. The organisation of classes and 
timetabling at Mirabelle School meant that practice in each CoP could not be 
considered as a separate entity. So, rather than undertaking to investigate each case 
as distinct from the other, I elected to treat the CoPs as “nested” cases (Thomas, 
2011, p. 150).  
Studying nested cases is different from studying multiple cases. Studying 
multiple cases usually involves studying distinct and different cases to compare and 
contrast. Studying nested cases involves studying cases within another case, and their 
relationship to one another and to a larger whole – as in the classes in a school. As 
Thomas (2011) puts it, “a nested study is distinct from a multiple study in that it 
gains its integrity, its wholeness, from the wider case” (p. 153). In this case, practices 
in each CoP were studied as well as the inter-relationship of the CoPs. The study of 
these two related, or “nested’ cases, contributed to understanding the principal case: 
mathematics education in Years 1 and 2 at Mirabelle School. The relationship of the 
cases is illustrated below (Figure 4.1).  
 
Figure 4.1. Relationship of the cases studied. 
 
Mathematics education in Years 1 and 
2 at Mirabelle School 
Mrs Kelly's CoP Mrs Roberts' CoP 
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4.2.3 Recruiting participants and securing acceptance 
Once the cases for study had been identified, it was necessary to formalise the 
process of participant recruitment. This involved obtaining the informed consent of 
the teacher participants, parents of the student participants and the school principal. 
The assent or consent of student participants was not sought. Although it was my 
initial intention to do so, the school principal felt that this was not consistent with the 
school’s practice and that parental consent was more appropriate. The research 
question also suggested a design that focused mainly on the practices of teachers. 
Interviews were not conducted with students, as these would not have yielded 
information about teachers’ intentions or understandings in relation to practice. 
While they may have assisted with exploring students’ take-up of mathematical 
identities, obtaining approval to conduct the research would have been much more 
challenging had students been involved in interviews. The required consents were 
obtained by meeting with the teachers and principal to explain the purpose of the 
research and providing information packages about the study (Appendix 4). In 
addition, I spoke with students in both Mrs Kelly’s and Mrs Roberts’ classes prior 
about the study and provided packages of information to take home to their parents. 
Packages included consent forms (Appendix 4). The principal and teacher 
participants signed written statements affirming that their participation in the 
research was both informed and voluntary, while the parents of student participants 
provided consent on students’ behalf. One student was excluded from the study, as I 
was unable to secure parental consent. 
Gaining access to the research site is an essential first step towards 
interrogation of the research questions, but does not ensure the researcher’s 
acceptance by participants (Rossman & Rallis, 2012). Specific actions must be taken 
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to gain the approval and trust of research participants as doing so stands to enhance 
the quality of data generated (Krathwohl, 2009). In this study, the provision of 
information packages was the first of a number of strategies used to gain teacher and 
principal participants’ acceptance of me as a peripheral member of the CoPs. Other 
strategies adopted to secure acceptance included completing a course designed to 
enable me to engage students in the practice of Philosophy in the Classroom 
(Lipman, 1980, 2003). In completing this course, I demonstrated my interest in the 
school community, which was well known for its use of philosophy, as well as my 
genuine interest in understanding how teachers’ practices in other subject areas 
influenced their practices as leaders of the mathematical CoPs. I also considered that 
completing the course would assist in my investigation of the research question, as 
during initial meetings the school principal had suggested that the school’s practice 
of philosophy contributed to the mathematical success of students.  
The process of gaining the acceptance of student participants began with 
addressing students in each CoP and explaining what I would be doing in their 
classroom and why (Appendix 4). Once all participants had been recruited and initial 
actions taken to secure their acceptance, I was ready to commence data generation. 
Techniques used to generate data in response to the research question are described 
in Section 4.3. However, before turning to description of data generation techniques, 
I outline the features of the two classes studied. 
4.2.4 Features of the participants 
Mirabelle School is an inner-city school in Queensland, Australia. The student 
population is diverse, with a range of socio-economic groups, cultural groups and 
family structures represented. At the time of data generation, the school population 
was approximately 200 students. Approximately 15% of those students were from 
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families where English is an additional language. The school has historically had a 
high number of students whose families were refugees. In the past, the school 
population included a large number of families from low SES backgrounds. This had 
changed by the time of data generation, when approximately 16% of families were 
from low SES backgrounds.   
The classes studied each had 24 students. Mrs Roberts’ class was made up of 
12 female and 12 male students, 14 of whom were in Year 1 and 10 of whom were in 
Year 2. The teacher reported that 7 of these students (29%) were from low SES 
backgrounds. Mrs Roberts also reported that 3 students (12.5%) were from families 
where English was an additional language. Mrs Kelly’s class was made up of 7 
female and 17 male students. Of these students, 13 were in Year 1 and 11 were in 
Year 2. The teacher reported that 3 (12.4%) of these students were from low SES 
families and 2 (8%) were from families where English was an additional language. 
The teacher participants were both highly experienced teachers. One of the 
teachers, Mrs Kelly, had spent some time teaching secondary school mathematics. 
The principal of the school had earned a Master’s degree in Mathematics Education. 
The teacher participants and the principal all professed a personal affection for 
mathematics and stated that they enjoyed teaching mathematics. As of the start of the 
data generation period, Mrs Kelly had taught at the school for more than 10 years. 
Mrs Roberts had taught at the school for three years.  
Student and teacher participants were welcoming of my presence in the 
classroom. I usually arrived to observe practice in Mrs Kelly’s CoP during a 
scheduled break, as students were lining up to return to class. Students in Mrs 
Kelly’s CoP often ran to me, calling me by name and telling me stories of their day. 
In class, however, they rarely spoke to me unless I asked them a question. Students 
 138  Chapter 4: Research Design  
in this class were very accustomed to having visitors and observers as Mrs Kelly 
often served as a model for teachers wishing to learn about the use of the Philosophy 
for Children approach. Students sometimes approached me for assistance, or to show 
me something they had been working on, but more often ignored me. In Mrs 
Roberts’ CoP, students more often asked me for assistance but were also generally 
unconcerned with my presence. Both teachers stated on a number of occasions that 
they had enjoyed the research process and both remained in touch with me after the 
data generation period had concluded. One of the teachers, asked me to co-present a 
paper with her at a teacher-led research symposium.  
4.3 Data generation 
Three techniques were used to generate qualitative data in response to the research 
question: classroom observation (Bailey, 2008), collection of artefacts (Norum, 
2008), and in-depth interviewing (Rubin & Rubin, 2011). Observational techniques 
generated two types of data: running records and video recordings of learning and 
teaching in the two classrooms (Shrum, Duque, & Ynalvez, 2007). The collection of 
artefacts yielded samples of student work and teaching charts. The conduct of in-
depth interviews yielded transcripts of conversations with teacher participants and 
the school principal as well as concept maps jointly constructed by teacher 
participants and the interviewer. Data generation techniques employed and data 
generated are summarised in Table 4.1. 
While engaged in observational techniques, I adopted an “observer as 
participant” role (Merriam, 1998, p. 101), meaning that my role as researcher took 
precedence over participation as a group member I did not attempt to mask my role 
as observer, or remain unobtrusive, but spoke openly with students about what I was 
doing in their classroom. If asked, and as negotiated with teacher participants, I 
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responded to students’ questions. However, I withdrew as soon as practicable to my 
role as observer. Observational techniques and other methods used to generate data, 
are further described below.  
Table 4.1 
Summary of Data Generation Techniques 
Technique Data generated 
Observation • Running records and video recordings of practices in the 
mathematical CoPs. 
Collection of artefacts • Samples of student work produced individually or in 
groups. 
Individual interviews • Transcripts of conversations between teacher 
participants and researcher 
• Concept maps jointly constructed by participants and 
researcher. 
 
4.3.1 Making running records 
The first of the techniques utilised during observation of practice in the CoPs was 
making running records (Estacion, McMahon, & Quint, 2004). During the initial 
weeks of the data generation period, I made in-situ written records of teacher 
practices in the classes studied. When making running records, I followed the 
guidance of Estacion et al. (2004) and focused on teacher-student interaction, 
capturing as much information about verbal and non-verbal features of that 
interaction as possible. I also attempted to capture the details of student-student 
interaction. When recording interaction, I restricted my view to the lesson proper. 
What I mean by that is that I focused on the children when inside the classroom 
engaged in tasks as led or set by their teacher during the mathematics lesson. I did 
not capture interaction between teacher aides that entered the room to work with 
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students on other programs, students talking with visiting parents or other 
interactions that occurred on the periphery of mathematics lessons. My purpose in 
using this method during the initial stages of data generation was to gather 
information while familiarising myself with the routines of the mathematics 
classroom. I considered that such familiarity would facilitate more efficient video 
recording at a later stage. Making written records rather than video was also used to 
establish myself as a familiar presence in the classroom. In this way I sought to 
develop rapport with research participants and secure their acceptance, prior to 
introduction of the video camera (Krathwohl, 2009).  
4.3.2 Video recording 
The camera was positioned on a tripod in a corner of the room, close to where the 
teacher sat with students during classroom discussion. I sat behind the camera, 
viewing interactions between teachers and students through the viewfinder and 
adjusting frame to capture maximum detail about classroom communication. From 
this position, I was able to remain in my role as “observer-as-participant” (Merriam, 
1998, p. 101). When students moved to work in groups, either at their desks or 
outside, I followed with the camera, discarding the tripod and using it in hand-held 
position. The camera was positioned to capture both teacher and students without 
privileging one or the other in terms of point-of-view. When students moved to work 
in small groups, I moved between groups to capture interaction among students. As I 
was the sole researcher on the project, a limitation of this method was that I was 
unable to capture all interaction among students during small group, but I ensured 
that I captured some interaction within each small group during each period of group 
activity. Decisions about which group to follow first were generally made on the 
basis of where most interaction appeared to be occurring. 
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The conscious positioning of the camera to capture teacher-student and 
student-student interaction reflected my interest in the reciprocal relationships 
between the teacher and students as members of the CoP (Erickson, 2006). This is an 
example of the interdependence of theory and method in the research design 
(Skukauskaite, Yan, & Green, 2007). Issues of sound quality were addressed by 
using an external microphone attached to the camera Sound quality was also 
enhanced by my close proximity to teachers and students, a strategy recently 
endorsed by Robson (2011).  
While video recording classroom practice, I adopted a “broad focus” 
(Krathwohl, 2009, p. 266). This meant recording as much detail of classroom activity 
as possible. My rationale for doing this was to leave room for interpretation and re-
interpretation of the data through multiple iterations. In line with this decision, I 
minimised camera editing while engaged in recording teaching and learning. Video 
data were shot continuously using a wide-angle lens capable of capturing whole-class 
as well as small-group interactions. There was infrequent use of panning (moving the 
camera from side to side) or zooming (moving the camera in and out). This use of the 
camera was endorsed by Erickson (2006) who considered that it enabled a relatively 
comprehensive record of social interaction. In total, mathematics teaching in the 
CoPs was observed for 64 hours. Thirty-four of these hours were spent in Mrs 
Kelly’s room, with 21 of those spent video recording teaching and learning. I spent 
30 hours in Mrs Roberts’ CoP, 24 of which were spent video recording classroom 
practices. A summary of time spent in the CoPs, organised by observational 
technique employed, is provided below (Table 4.2). 
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Table 4.2 
Observational Data Generated in the CoPs, Organised by Technique 
 
 
4.3.3 Collecting artefacts 
During the period of data generation, a small number of artefacts was collected. 
These artefacts were samples of students’ work and teacher resources such as charts. 
Samples of student work were charts jointly produced by students during groupwork, 
and worksheets completed by individuals. My rationale for the collection of these 
artefacts was that they provided a material record of teacher practices in the CoPs, 
While collecting artefacts was useful because they provided material records of 
practice, it was also important that I generated data about the meaning allocated to 
practices by teachers. To generate this data, I employed in-depth individual 
interviewing.  
4.3.4 In-depth interviewing 
In-depth interviewing involves research participants in extended conversations with 
researchers that elicit “depth and detail” (Rubin & Rubin, 2011, p. 37) about the 
research topic In-depth interviews are used when the researcher wants participants to 
explain answers to questions, give examples, or describe experiences. In-depth 
 
Technique 
 
Mrs Kelly’s 
CoP 
 
Mrs Roberts’ 
CoP 
 
Data generated/ 
type 
Running records 13 6 19 
Video recording 21 24 45 
Data generated/CoP    34           30              64 
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interviewing was included in the research design because I wanted to interpret 
teacher practices, not just describe them. As a critical researcher, this could not occur 
without engaging teacher participants in a dialogue about their practice (Madison, 
2003). Engaging teachers in in-depth interviews enabled them to explain how they 
viewed the enterprise of the CoP and what they considered to be the norms 
governing classroom practice. This process helped form a better understanding of 
other data generated (Boyce & Neale, 2006; Johnson & Rowlands, 2012).  
Because of the critical orientation of the study, the approach taken to in-depth 
interviewing was to view each interview as a “conversation among equals” (Knapik, 
2006, p. 87). This reflects a view of research participants as “active partners who 
understand the goals of research and who help the researcher formulate and carry out 
the research plan” (Angrosino & Rosenberg, 2011, p. 467).  There was evidence that 
one teacher in particular, Mrs Kelly, felt a sense of ownership and shared control 
over the conduct of individual interviews. This was particularly evident during the 
second interview. When I returned to the school to interview Mrs Kelly, she greeted 
me by telling me that she had been thinking about our previous interview, her 
responses to the question “What should children learn in maths at school?” and the 
concept map that we had jointly constructed to represent her views. I began the 
second interview by stating that last week she had told me what she thought students 
should learn in school, to which she replied “Oh, I know what it is now”, going on to 
explain she knew what it was that distinguished her current approach to mathematics 
teaching to the approach she had adopted prior to the participation of the school in 
the New Basics education reform. In this excerpt, I adopt conventions that will be 
used in respect to transcripts of observation and interview data throughout the thesis. 
Namely, text is highlighted in bold when it is of particular relevance to the points 
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made in accompanying analysis. Text is highlighted in italics to indicate emphasis on 
the part of the speaker. 
Mrs Kelly:    Yes. So, I’ve done a lot of thinking. So, in making a 
comparison how I used to teach, and, and you know, the style 
now.  Assessment was very much about children need to know 
these things and we taught them what they needed to know, 
whereas now it’s much more about the children, kind-of, “ 
What do I need to know so that I can present this task?” and 
actually, in the presentation of the task is, um, where the 
teacher can actually see this is what they know (Mrs Kelly: 
Interview, 20 October 2005, Episode 1) 
Mrs Kelly went on to assume control over the direction of the second interview 
as she sought to more clearly articulate her current approach to mathematics 
teaching. She had brought to the interview a new concept map, which she had 
produced to elaborate on parts of our last conversation and represent her views on 
how children learned in her CoP. My account of Mrs Kelly’s sharing of control over 
the interview process continues in Section 4.6. 
In-depth individual interviews were included because of their ability to capture 
information not readily available through video-taping and making running records. 
Earlier (Section 3.2.2), I outlined a number of “modes of identification” (Wenger, 
2010, p. 184) through which students come to identify themselves and be identified 
by others as members of a CoP. One of these modes of identification is imagination. 
As explained in Chapter 3, imagination relates to the images individuals come to 
hold of themselves, their communities, and the world outside the CoP (Wenger, 
1998, 2003, 2010). The use of in-depth interviewing enabled conversations about 
  
Chapter 4: Research Design 145 
how teachers viewed their role in supporting numeracy development as well as the 
images they had of students as learners of mathematics and emergent numerate 
persons.  Because imagination is largely an internal process, this information was 
difficult to access in other ways. While imagination eventually featured less 
prominently in the study’s results, that this would be so was not apparent at the time 
of the research design, and the inclusion of interviews allowed for the possibility of 
generating data about all modes of identification. 
Interviews were conducted during the second half of the data generation 
period, after I had developed a rapport with each participant and was familiar with 
practice in their classrooms. Teacher participants each agreed to an initial schedule of 
three individual interviews, with each interview having a planned duration of one 
hour. A fourth interview was scheduled with Mrs Kelly after the second interview 
was spent largely discussing topics she had initiated. In addition to the interviews 
with teacher participants, one interview was scheduled with the school principal. By 
interviewing the school principal, I sought to gather information about how, from her 
perspective, participation in the two CoPs interacted to shape young students’ 
experience of mathematics education in Years 1 and 2 at Mirabelle School.  
The interviews were semi-structured (Kvale & Brinkmann, 2009) in the sense 
that they were each organised around a single open-ended question that allowed for 
free-ranging conversation. The open-ended questions posed during interviews were: 
1. What should students learn in mathematics at school? 
2. How do students learn mathematics? 
3. What do teachers need to do so that students can experience a sound 
mathematics education? 
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With teachers, one question was posed at the start of each interview and used to 
prompt conversation about teacher practices. As conversation unfolded, I prompted 
teachers to explain how practices in their CoPs related to their beliefs about 
mathematics education. During the interview with the principal, all questions were 
posed during a single session. The questions were designed to elicit information 
responsive to the research question. By asking teacher participants what students 
should learn, for example, I sought to gain insight into the enterprise in which 
teachers thought the CoPs were engaged. It was my intention to discern, via this line 
of inquiry, mathematical identities made available to students via teachers’ practices. 
By asking how students learn mathematics and what teachers should do to support 
this learning, I sought to gain insight into the type of practice teachers intended to 
promote in their CoPs and their rationale for teaching practices observed.  
Asking a general question about what students should learn in mathematics at 
school has the potential to elicit an idealised response, situated in the “educationalist 
context” (Keddie, 1971, p. 136). This occurs when  teachers describe what ‘should’ 
happen, or what they think the interviewer believes should happen, in an idealised 
mathematics classroom. My purpose in commencing each interview with a general 
question of this nature was primarily to build rapport. I decided that placing the 
teacher participants in the position of expert and demonstrating my intention to 
uncover the beliefs that underpinned teacher practice might help build trust. 
However, I adopted strategies to move teachers from the generalised educationalist 
context to a more specific “teacher context” (Keddie, 1971, p. 136). The first, 
“thought provoking interjections” (Atim, 2012, p. 20) involved using questions and 
prompts, as suggested by Creswell (2012). As well as being used to promote free-
flowing conversation, these questions and prompts were used to elicit information 
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about how teachers’ views about learning were evident in their practice. The second, 
“critical event analysis” (Atim, 2012, p. 20) involved referring to practices, or 
“events” observed in each CoP and asking teachers how these events related to their 
general views about mathematics teaching and learning. These strategies, along with 
the use of a general question situated in the educationalist context, acknowledged 
that, as Keddie (1971) pointed out, teacher practices in their classroom can be 
contradictory. By engaging teachers in discussion of their beliefs and values as well 
as their practices, I sought to elicit teachers’ own views about any contradictions in 
their practice. 
Another technique that I used to promote free-flowing conversation was to 
structure interviews around the completion of a task; the production of a concept 
map. Concept maps are graphical representations of a body of knowledge that 
illustrate its component parts and the relationships among them (Canas, Hoffman, 
Coffey, & Novak, 2003; Hansson, 2004). During individual interviews with teachers, 
I worked with them to co-construct a concept map that represented their views in 
relation to the question being discussed. 
When viewed from a sociocultural perspective, the act of creating the map 
itself comprises a site of knowledge production, with maps produced representing 
“shareable, manipulatable, modifiable and re-useable” tools (Lesh & Doerr, 2003, p. 
3). These tools, co-produced by the researcher and research participant, have the 
potential to document the reflexivity of both while providing insight into teacher 
participants’ views in response to the research question(s) (McAleese, 1998). During 
data generation, concept maps were produced that documented teachers’ views about 
what students should learn in school (1for each teacher participant)  as well as how 
they believed students learned mathematics (1 for each teacher participant). 
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Once data generation had been completed,, employment of the techniques 
described had produced the following data: 
• running records generated during 19 hours of observation (14 
mathematics lessons and 2 philosophy lessons); 
• 35 hours of raw video data (23 lessons); 
• 8 hours of raw audio-recorded interviews (8 in-depth interviews, 7 
with the teacher participants and 1 with the principal); and 
• a collection of artefacts including examples of student work, teacher 
resources and concept maps co-produced by teachers and researcher 
during in-depth interviews (4 in total). 
A large amount of data was generated for this study. The first step in data analysis 
was managing these data and organising them into useable forms. 
4.4 Data management  
Given that the primary focus of research concern was classroom practice, I resolved 
to process observational data first. I produced a summary of all lessons observed 
(Appendix 6), which I used to map lessons observed against the five content strands 
in the mathematics syllabus current at the time, namely Number, Algebra, 
Measurement, Chance and Data, and Space (Queensland Studies Authority, 2004). I 
selected one lesson from each content strand, except in cases where no lessons 
observed covered content from a particular strand. Lessons selected resembled others 
conducted in each of the CoPs, based on their summaries in the data logs. Lesson 
selection produced a set of four lessons for analysis from each CoP (Table 4.3).  
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Table 4.3 
Lessons Selected for Analysis, Organised by Content Strand 
 
The apparent discrepancy of number of lessons listed in the table is attributable to 
one lesson, The Crow and the Pitcher, observed in Mrs Kelly’s CoP, covering 
content from two mathematical strands. All lessons selected for further analysis were 
transcribed, with transcription attempting to capture as much of the fine-grained 
detail of interaction between teachers and students, as well as among students, as 
possible. 
4.4.1 Transcription of observation and interview data 
Transcription is itself an interpretive task and an early step in data analysis (Bailey, 
2008). As such, it involves decision-making, a process that is theory-laden (Lapadat, 
2000; Skukauskaite, 2012). In this case, transcription of running records consisted 
Content strand Mrs Kelly’s CoP Mrs Roberts’ CoP 
Number • The Crow and the Pitcher: 
Counting  
• Tens and Ones  
Algebra • Seeds and beads: Patterning  • Tessellating patterns 
Measurement • Describing Frogs: 
Measuring 
• My body: Arbitrary units 
Chance and data • The Crow and the Pitcher: 
Estimation and data 
collection 
 
Space • The Shortest Way: Location, 
direction and movement 
• Tangrams 
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largely of processing written notes into an electronic transcript format. The 
transcription of video recordings was more time-consuming and comprised the 
verbatim recording of verbal interaction captured on the recording as well as 
description of non-verbal interaction and relevant contextual information 
(Hammersley, 2010). 
During transcription of video data I recorded as much information as possible 
about teaching and learning of mathematics in the CoPs. Interactions captured on 
video that fell outside the scope of the research question were not transcribed. To 
illustrate, on several occasions, school staff members entered the classroom to 
convey a message to the teacher or to withdraw students for intervention activities 
not related to the day’s lesson. My intention in restricting my gaze in this way was to 
facilitate a description of events relevant to the research question that was as full and 
accurate as possible (Hammersley, 2010). The format adopted for recording 
transcriptions of video data was my own. In this, I followed the advice of Lapadat 
(2000), who, like many educational researchers, rejects the adoption of standardised 
forms or conventions for transcription. Instead, I chose to view transcription as the 
“contextualised negotiation of meaning” (Lapadat & Lindsay, 1999, p. 17). 
 Just like the transcription of video data, the transcription of audio interview 
data was, in itself, an analytic task (Kvale & Brinkmann, 2009). Once again, 
decisions were made about how much and which details to record during 
transcription. While I was selective when transcribing video data, choosing to 
transcribe only material considered relevant to the research question, I transcribed 
audio-recordings of individual interviews verbatim. I chose to do this because the 
amount of data generated through in-depth interviewing was much more manageable 
than the amount generated through classroom observation. Transcription of all 
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interviews was both possible and useful. Useful because, unlike teaching and 
learning captured on video, individual interviews were structured around questions of 
direct relevance to the research question.  
4.4.2 Dividing data into episodes 
Once completed, transcriptions of video and audio data were divided into episodes. It 
was necessary to do this because of the large volume of observation and interview 
data generated. Dividing, or segmenting, the data into episodes allowed it to be 
indexed, an important step in facilitating analysis and presentation of the data (Meyer 
& Avery, 2009). 
Running records and interview transcripts were treated similarly. Both were 
divided into segments intended to capture discrete interactional exchanges. In 
defining an exchange, I drew on the work of Mehan (1979) and Lemke (1990) and 
their description of the Initiate-Respond-Evaluate (IRE) dialogic unit (Section 2.1.5). 
Reference to this form of dialogue enabled me to identify episodes of interaction 
based around a question or task, creating units of analysis. When the teacher, 
interviewer or student posed a new question or set a new task, a new episode was 
made. Segmenting data in this manner is a common strategy in qualitative research 
and supportive of a number of analytic strategies (Maxwell & Miller, 2008). Exley 
(2005) adopted a similar method during her analysis of interview data. I take the 
view that the method is equally appropriate for segmentation of observation data. 
This is because interaction during mathematics lessons and during interviews 
consisted of multiple instructional exchanges. During mathematics lessons, teachers 
sought to support students’ knowledge and understanding of mathematics. During 
interviews, teachers sought to enable my knowledge and understanding of their 
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practices. A precedent for dividing observational data into episodes was observed in 
the study by Iiskala et al. (2011), which was described in Section 2.1.3. 
Once data had been divided, data segments, or episodes, were transferred into 
an EXCEL spreadsheet in preparation for data analysis. Due to its capacity to 
manipulate statistical data, EXCEL is frequently used in quantitative data analysis. 
However, EXCEL is also well suited to qualitative data analysis because of its 
capacity to manage large amounts of textual data, document multiple attributes 
identified within a single unit of analysis and support a variety of data display 
techniques (Meyer & Avery, 2009). When using EXCEL, the delineation of the unit 
of analysis is key. My decision to segment observation data into segments 
approximating dialogic units was made to enable close examination of interactive 
episodes, thereby enabling me to uncover patterns of interaction that emerged in the 
CoPs over time and their relationship to various teacher practices. Using EXCEL to 
sort data according to mathematical events, teacher practices and form of interaction 
enabled me to draw conclusions about the forms of practice and patterns of 
interaction that were more or less prevalent in each of the CoPs during particular 
phases of mathematics lessons. 
4.5 Data analysis 
In line with methodological convention described by Patton (2002), analysis of the 
research data proceeded in two stages: description and interpretation. To accomplish 
the analytic task of description, I relied on categorising strategies (Maxwell & Miller, 
2008) to create what Bernstein (2000) called an “external language of description” 
(p. 139). An external language of description provides the reader with the means of 
‘reading’ the data, that is, it should facilitate description of the research phenomenon 
as it actually ‘is’ or ‘was’ – at least from the reflexive position of the researcher. 
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Formulating an external language of description requires the establishment of 
“recognition rules” (Bernstein, 2000, p. 18). These are ways of seeing (or 
recognising) aspects of the data consistent with the external language of description. 
The external language of description developed should provide an opportunity not 
only to describe the research phenomenon, but also to test the strengths and 
limitations of the study’s theoretical framework, which forms Bernstein’s (2000) 
“internal language of description” (p. 139).  
4.5.1 Creating an external language of description 
Earlier (Section 4.4.2), I described the methods used to divide into episodes 
transcribed data generated during observation of teaching in the CoPs. This was the 
first step in creating the study’s external language of description. Referencing the 
work of Mehan (1979) and Lemke (1990) on the identification of dialogic units, I 
created a method of recognised what constituted an interactive episode, thereby 
creating units of analysis. Once units of analysis had been identified, I then 
developed categories (recognition rules) for reading the data related to each of the 
concepts in the data analysis framework. 
The development of categories to assist with data analysis was informed by the 
literature review (Chapter 2). This review revealed that a focus of investigation 
should be interaction in the CoPs and instructional strategies adopted by teachers to 
promote productive interaction. A focus on interaction was compatible with the 
research question, particularly its concern with identifying practices that support 
relational equity. Adopting a focus on interaction led me to refer to Wenger’s (2003) 
model of the dimensions of progress in the CoP (Table 3.2) and the questions he 
suggested in order to interrogate mutuality in the CoP. These questions formed a 
series of “sensitising concepts” (Patton, 2002, p. 279) that assisted categorisation of 
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the data. Sensitising concepts are categories brought to the data by the researcher 
(Patton, 2002). They originate from theory or from research literature, and help the 
researcher to orient analysis towards the research questions. Referring to the 
questions in Wenger’s (2003) model caused me to adopt ‘mathematical events’, 
‘practices’ and ‘patterns of interaction’ as initial categories for coding observational 
data (Gibbs, 2007; Saldana, 2009). Presentation of data analysis is organised around 
these three broad categories (Chapter 6, 7 and 8).   
To identify the events that comprised participation in the CoPs, I reviewed all 
of the episodes in each of the lessons transcribed for detailed analysis (Table 4.3). 
Through the process of review, I identified broad categories of events indigenous to 
the data (Patton, 2002). That is, I identified events that characterised practice in the 
CoPs, with reference only to practice in the CoPs themselves and not comparing 
events to pre-existing models of mathematics lesson design. I chose to do this, rather 
than refer to existing models, because I was interested in describing the relationship 
of practices in each of the CoPs to those in the other and how participation in both 
CoPs shaped students’ total experience of early mathematics education at Mirabelle 
School. Three events were identified that typified lesson structure in both CoPs: task 
introduction, task completion and sharing solutions (Figure 4.2). 
Figure 4.2. Events characterising participation in the CoPs. 
Once data episodes had been coded into one of these event categories, I 
reviewed data episodes in each category for “recurring regularities” (Patton, 2002, p. 
Task 
Introduction 
Task 
Completion 
Sharing 
Solutions 
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463). This process was driven by the data and informed by research previously 
reviewed. In particular, the practices identified by Sullivan (2011) formed a set of 
“sensitising concepts” (Patton, 2002, p. 279) that guided analysis of the data. In 
addition, I remained open to the identification of categories of practice “indigenous” 
to the data, (Patton, 2002, p. 279), meaning that I searched for additional emergent 
categories in addition to those suggested by Sullivan’s (2001) principles and 
practices. The categories of practice identified during this process are presented in 
my account of the research phenomenon (see Figures 6.1, 6.2, 7.1 and 8.1). Counting 
the frequency of various practices allowed me to draw conclusions about the forms 
of practice most prominent in the CoPs.  
Describing events and teacher practices was necessary to investigation of the 
research phenomenon but did not enable explanation of how they might have been 
successful. For this to occur, I needed to examine in detail how events and practices 
were productive of certain patterns of interaction. I identified categories that were 
used as sensitising concepts (Patton, 2002) to describe patterns of interaction evident 
as teachers and students engaged in mathematics teaching and learning in the CoPs.. 
In generating these categories, I referred again to the literature review, in particular, 
research that identified patterns of interaction found to be more or less productive of 
mathematics learning. This enabled the identification of a series of categories (codes) 
that offered the potential to explain how the practices of the teacher participants had 
been productive of students’ mathematical success, in terms of making available 
certain mathematical identities. The categories identified enabled were open-ended 
and closed questioning, univocal communication, revoicing, exploratory talk and 
cumulative talk. The identification of these categories was consistent with my 
identification, in the literature review, of questioning and discussion as aspects of 
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classroom practice that play an important role in structuring social relations in 
mathematics classrooms. 
The categories of open-ended and closed questioning were suggested by the 
work of numerous scholars (e.g., Cazden, 2001, Brodie, 2007, Harris & Williams, 
2005). The identification of questions as open or closed was one way of exploring 
whether or not communication in the CoPs was dialogic in the sense of promoting 
explanation, justification and discussion of student reasoning (Wertsch & Toma, 
1995). In relation to questioning, the work of Siraj-Blatchford et al. (2002) was 
particular useful. In reminding the reader that forms of questioning were in 
themselves neither good nor bad (productive vs unproductive), these authors made it 
clear that identifying the forms of questions asked by the teacher was an important 
but insufficient step in describing classroom interaction. To properly investigate the 
quality of interaction in the CoPs, I also needed to also describe other forms of 
communication in which the teacher participants engaged as well as the types of 
responses elicited by various communication forms. To enable this further 
description, I added the categories of univocal communication, revoicing, and 
exploratory talk.  
The category of univocal communication was suggested by the work of 
Wertsch and Toma (1995), Mehan (1979), Lemke (1990) and Cazden (2001) who 
describe this form of communication as teacher-initiated and used to convey 
information direct to students. This type of communication has been described as 
“traditional” by Cazden (2001, p. 5). The category of revoicing was suggested by the 
work of Cengiz et al. (2003) and Franke et al. (2003). These authors identify 
revoicing, which involves teachers repeating, elaborating on or expanding student 
responses so that they conform to mathematical norms, as an important means of  
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The categories of exploratory talk was suggested by the body of work 
generated by Mercer (1996) and a group of colleagues (Edwards & Mercer, 1987; 
Mercer & Dawes, 2008; Mercer & Littleton, 2007; Mercer & Sams, 2006; Mercer & 
Wegerif, 1999) who demonstrated in comprehensive terms the positive impact of 
enabling students’ participation in exploratory talk during mathematics lessons.  I 
was also influenced by the work of Lotan (2012), who provided further support for 
the inclusion of the category of evaluative talk in her investigation of collaborative 
groupwork in mathematics classrooms and the conditions under which such 
groupwork is more productive of mathematical learning. Analysis of the data 
revealed though, that this category was insufficient to describe the nature of 
collaboration in which students engaged. For this reason, the category of cumulative 
talk was added, to describe those occasions on which student interaction was not 
genuinely evaluative, but represented a ‘putting together’ of ideas or information. 
The use of these categories helped me to consider, after Rajala et al. (2012), how 
participation in dialogic communication such as exploratory talk might make 
available to students identities of inclusion. An overview of analysis of patterns of 
interaction observed in all lessons transcribed is provided in Appendix 7. 
4.5.2 Interpretation of data using the internal language of description 
Once the external language of description had been created, I was able to construct 
an account of the research phenomenon, which was then interpreted by applying 
concepts from the theoretical framework  (Figure 3.5). That is, by engaging with the 
internal language of description comprised of relevant theoretical concepts. This 
allowed me to identify forms of pedagogy enacted through the various teacher 
practices observed and the social relations produced as a result. Description of social 
relations included identification of forms of agency privileged in the CoPs, which in 
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turn enabled identification of mathematical identities made available to students. The 
complete sequence of analytic tasks involved in describing (using external language 
of description) and interpreting (using internal language of description) the research 
phenomenon is represented in Figure 4.3. A sample of data episodes from the 
snapshot lesson in Mrs Kelly’s CoP, coded according to mathematical event type and 
patterns of interaction, is provided in Appendix 8.  
In addition to representing the sequence of analytic tasks, the diagram shows 
relationships between various features of the research phenomenon that influenced 
data analysis. To explain, the research context was the community of practice (CoP). 
Two such communities were investigated, one led by each teacher participant. 
Within each CoP, events comprising participation were identified. Through these 
events, patterns of interaction were established as students engaged in various 
practices. The use of a funnel is used to illustrate how analysis of events led to the 
identification of patterns of interaction and then to understandings about social 
relations, including relations of power, within the CoPs. These social relations 
include relations between various forms of agency (disciplinary, personal and 
collective). The triangle overlaying these three forms of agency is attended to show 
that all three are involved in constituting students’ matheamtical identities, and for 
this reason, all three are investigated as I seek to reveal mathematical identities made 
available to students in the CoPs. 
4.6 Trustworthiness and ethics 
Qualitative researchers often refer to four criteria against which the 
trustworthiness of qualitative research may be assessed (Marshall & Rossman, 2011). 
These are credibility, dependability, confirmability and transferability. In this study, I  
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Figure 4.3. Data analysis framework. 
am chiefly concerned with credibility and transferability (see also Bogdan & Biklen, 
2007; Creswell, 2011; Creswell & Miller, 2000; Golofshani, 2003; Kvale & 
Brinkmann, 2009; Patton, 2002). Credibility is essential if conclusions drawn are to 
be considered believable, while transferability enables conclusions drawn to be 
generalised or applied to other settings. Confirmability is not addressed, as the case 
studied was unique. Even if researchers returned to the school, the circumstances that 
contributed to the findings no longer exist. The dependability of the study is assured 
by the same measures taken to ensure its credibility: the provision of a full account of 
Community of Practice 
Patterns of 
interaction 
established 
via practice
 
Events comprising participation 
Social  
relations 
Disciplinary 
agency 
Collective 
agency 
Personal 
agency 
Mathematical 
identities 
Teacher practices 
 160  Chapter 4: Research Design  
the research phenomenon and the clear description of theoretical frames applied to 
analysis of data. 
Credibility is achieved when research methods inspire confidence in the 
accuracy of related findings. Transferability is achieved when findings can be shown 
to apply to settings other than the research site (Erlandson, Harris, & Skipper, 1993). 
The techniques implemented to enhance the credibility and transferability of the 
study were: 
• prolonged engagement;  
• collaboration; 
• member checking;  
• engaging in reflexivity; and  
• developing an audit trail. (Onwuegbuzie & Leech, 2007) 
Although triangulation is frequently advocated as a method of promoting 
trustworthiness in qualitative research (e.g., Merriam, 2009; Olsen, 2004; 
Onwuegbuzie & Leech, 2007), I have not included it here. This is because 
triangulation involves a “search for convergence among multiple and different 
sources of information to form themes or categories in a study” (Creswell & Miller, 
2000, p. 126). In this study, the various forms of data were used to illuminate 
different aspects of the research phenomena. They were not used to study the same 
aspects in different ways. I now account for each of the five techniques that were 
implemented. 
Prolonged engagement means spending an extended period of time in the field 
(Lundy, 2008). Such engagement has long been considered an effective method of 
enhancing the credibility of qualitative inquiry (see Erlandson et al., 1993). 
Prolonged engagement helps develop relationships of trust between the researcher 
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and research participants (Shenton, 2004).  This trust, and the increased familiarity 
that results from prolonged engagement, tempers distortions that might occur when 
research participants are anxious about or unaccustomed to the researcher’s presence 
(Erlandson et al., 1993). For this study, I engaged in data generation at the research 
site for two three days per week over a period of 14 weeks, except those weeks 
during which Mrs Roberts was on leave. In total, I attended the school to observe 
classroom practice on 39 days. Prior to the period of data generation, I was also 
present in the school over a period of 4 weeks while recruiting participants and 
securing their informed consent. These weeks were spread across two school terms. 
Spending such an extended period in the field enabled me to capture “rich details” 
about each case (Mills, Durepos, & Wiebe, 2010, p. 942). 
Collaboration means involving participants as co-researchers in the design and 
or conduct of research (Creswell & Miller, 2000). Collaboration enhances the 
credibility of qualitative research because it supports a more accurate representation 
of events, interactions and meanings (Guba & Lincoln, 2008). Nurturing 
collaboration with research participants aligned the research with the values of 
democracy and justice that underpin critical research. These values create an impetus 
to utilise research methodologies in which power and control is more equitably 
shared with participants (Cohen, Manion, & Morrison, 2011). During the conduct of 
this research, I took a number of actions to foster collaboration with research 
participants. The choice of in-depth interviews as a data generation technique, and 
my encouragement of free-flowing conversation during those interviews, was one 
such technique.  Methods employed to nurture collaboration were extremely 
successful. Over the period of data generation, a strong sense of collaboration 
developed between the teacher participants and me. This was demonstrated by the 
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behaviour of one teacher participant in particular, Mrs Kelly. On a number of 
occasions, Mrs Kelly assumed control of research processes, most particularly 
individual interviews. As previously described (Section 4.3.4), Mrs Kelly arrived at 
the second interview with a diagram she had drawn in response to questions posed in 
the first individual interview, as she explains below.  
 Researcher:  Have you got something you wanted to show me? 
Mrs Kelly:   I did. I was thinking about the best way to explain 
the difference between…what we used to do… 
…and now. What the difference is…is that is now 
in…our approach...  I’ve got a diagram. I’ve come 
up with a new diagram. (Mrs Kelly: Interview, 20 
October 2005, Episodes 1 and 4) 
Here, Mrs Kelly established the direction for the interview by returning to questions 
posed in a previous interview and providing additional information in response. This 
excerpt reveals her perception of the research as a collaborative activity, with power 
over data generation shared between the researcher and the research participants. I 
responded to Mrs Kelly’s introduction of a new concept map into the conversation by 
deferring posing the second interview question, “How do students learn 
mathematics?” to the next meeting. As the interview continued, Mrs Kelly 
demonstrated that she felt that she shared responsibility for accurately 
communicating information about how mathematics was taught in her CoP. In the 
excerpt below, for example, she evaluated her new concept map as more effective 
than the one previously constructed as a representation of her approach to teaching 
mathematics. 
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Mrs Kelly: Yes, like that hierarchical structure. Yes. Mmm. Whereas, 
yeah, so I’m happier with this (indicates new concept map) 
rather than that (old concept map). (Mrs Kelly: Interview, 
20 October 2005, Episode 20) 
Mrs Kelly’s sense of shared control over the interview process was also evident in 
her comfort in disagreeing with me when I paraphrased one of her responses. 
Researcher:  So you’re saying New Basics is this [indicates concept map]? 
Mrs Kelly:   No, I’m not saying that.  I’m saying this is how we do it. 
(Mrs Kelly: Interview, 20 October 2005, Episode 22) 
Both teachers used the interview process to explain the meaning of classroom 
practices, revealing a desire to assure the accuracy of classroom observation and their 
intention to collaborate on interpretation of data generated.  The second teacher, Mrs 
Roberts, however was less active in directing interviews and did not seek an 
additional interview. Partly, this was attributable to the fact that she suffered 
bereavement during the research period and took a period of leave. As a result, the 
time available to research her practice was shortened and she may have felt less able 
to participate from an emotional point-of-view. Nevertheless, positive rapport also 
existed between Mrs Roberts and me. We continued to communicate and met on 
several occasions after the research had concluded. 
Member checking involves seeking the feedback of research participants to 
verify the accuracy of data generated, analytic categories, interpretations and/or 
conclusions drawn (Onwuegbuzie & Leech, 2007).  Member checking provides the 
researcher with opportunities to verify recollections of events as well as emerging 
explanations and interpretations of events (Shenton, 2004). It is also another strategy 
that enables the sharing of power and control over the research process with 
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participants. I engaged participants in member checking at various stages in the 
research design. During data generation, teacher participants were provided with 
transcripts of in-depth interviews for them to check that their views had been 
accurately recorded. On one occasion, this resulted in a teacher clarifying a point. On 
another occasion, the same teacher (Mrs Kelly) provided additional information on a 
question asked in a previous interview. 
Researchers who engage in reflexivity reflect critically on their own biases, 
preferences and attitudes along with any theoretical perspective adopted. This can 
occur at any or all stages of the research process (Kleinsasser, 2000). Reflexive 
researchers make visible their own role in the research, allowing the research 
consumer to consider the possible effects of the researcher’s involvement when 
evaluating the trustworthiness of the research.  This ‘laying bare’ of influences on 
data analysis and interpretation can enhance both the credibility and transferability of 
qualitative research. Reflexivity is essential to research informed by critical 
perspectives. Attempting to present the research process as neutral and masking the 
concerns that drive critical research would be considered disrespectful to participants 
positioned as co-researchers. Further, it would make the key task of critical research 
impossible: to facilitate social change (Shacklock & Smyth, 1998). I practised 
reflexivity in a number of ways, several of which are documented in the thesis. I 
outlined my motivations for research inquiry in Section 1.1. I also accounted for my 
role in the research process during my account of the research design and 
methodology, for example, by describing practices adopted as participant-as-
observer (Section 4.3.2). 
Building an audit trail requires the extensive documentation and careful 
archival of records made during the study (Onwuegbuzie & Leech, 2007). The 
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purpose of building the audit trail is to demonstrate the credibility of research 
findings by allowing them to be confirmed by an external observer (Halpern, 1983; 
Schwandt & Halpern, 1988). An audit trail can also enhance transferability by 
demonstrating the basis for findings. In order to build an audit trail, I ensured that 
multiple copies of raw data were securely stored on different formats. For example, 
audio recordings from in-depth interviews were converted to digital files and stored 
on CD-ROM and in computer archives. Transcripts of data were securely stored both 
in hard copy and electronic formats. Original data logs were securely stored along 
with data and all artefacts collected during data generation. A log of all engagement 
in the field was maintained and stored after data generation was complete. A 
summary of data collected was compiled and stored electronically. Copies of data 
summaries, logs, artefacts and other records produced are included in the appendices 
of this document, to ensure that the reader can confirm links made between data 
generated and research findings.  
The techniques outlined thus far were the key methods utilised to promote 
trustworthiness during the study. My discussion of methods used to promote 
trustworthiness, however, is incomplete without a discussion of ethical 
considerations. Ethical conduct is a requisite for the conduct of trustworthy research 
(Marshall & Rossman, 2011). In fact, trustworthiness is unable to be separated from 
ethics (Rallis & Rossman, 2010). Where research is conducted in way that 
compromises its ethical foundation, the findings of that research are called into 
question. While ethical conduct can be thought of as a technique, it is also a moral 
imperative (Rallis & Rossman, 2010).  
Ethical research is founded on the principles of respect for persons and justice 
(Marshall & Rossman, 2011). Of these, respect for persons usually garners the most 
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attention. Both are of fundamental importance to critical researchers, who set out to 
ensure that relationships with research participants are characterised by both respect 
and justice. Researchers engage in a range of procedures to ensure the ethical 
conduct of their research, most of which are designed to assure respect for persons. 
However, ethical conduct is not merely procedural (Rossman & Rallis, 2010). It also 
has an interpersonal dimension (Rossman & Rallis, 2010). In the sections that now 
follow, I outline procedural and interpersonal strategies adopted to ensure the ethical 
conduct of the research. 
A range of procedures were carried out to ensure the ethical conduct of the 
study in line with the Queensland University of Technology [QUT] Human Research 
Ethics Manual (University Human Research Ethics Committee, 2004). Advice on 
these procedures was obtained from the Faculty Ethics Advisor, from the Office of 
Research, research supervisors and Education Queensland.  I complied with the 
required procedures and was awarded Level 1 (Low Risk) ethical clearance from the 
University’s Ethics Committee (#3986H). This clearance was contingent on 
obtaining the informed consent (Bhattacharya, 2007) of participants as well as 
obtaining approval from Education Queensland to conduct research in the school 
selected (Appendix 3).  
After meeting with the principal and Years 1 and 2 teachers at Mirabelle 
School, I was able to secure their agreement to participate in the study, and ensure 
that the consent of teacher and student participants was both knowledgeable and 
voluntary (Thorne, 2004). Three types of written informed consent packages were 
produced: one for teacher participants, one for parents of student participants and one 
for the principal of the school selected (Appendix 4). Teacher participant packages 
outlined the types of data collection in which teachers were to be involved, and 
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included written consent forms. Packages for parents explained that students would 
be observed in class and may have samples of their work collected. As already 
mentioned (Section 4.2.3), I had originally planned to seek the consent of the 
students themselves in addition to that of their parents. The school principal, who 
considered it more appropriate and expedient to seek parental consent only, vetoed 
obtaining student consent. Obtaining consent from parents addresses concerns about 
children’s competence to make an active choice regarding consent (Thorne, 2004).  
Conducting an ethical research study includes a responsibility to safeguard the 
privacy of research participants (Punch, 1998). In this study, a number of procedures 
were followed to assure the confidentiality of the research relationship. First, 
identifying features of the teachers, classes and school under investigation were 
expunged from data generated. The identity of the teacher and student participants, 
along with that of the school, was concealed through the allocation of pseudonyms. 
Confidentiality was further assured through the secure storage of all data collected 
(running records, video recordings, interview transcriptions, concept maps and 
collected artefacts) as well as by obscuring the faces of participants shown in 
photographs reproduced in the thesis.  
Procedural strategies used to ensure the ethical conduct of research are 
generally adopted at the design stage. The use of interpersonal strategies, however, 
must be ongoing (Warin, 2011). Attending to the interpersonal dimension of ethics 
demands close attention to the relational features of the research environment so that 
the research reflects the values of respect for persons and justice. Rallis and Rossman 
(2010) call this practising “caring reflexivity” (p. 495), suggesting that researchers 
reflect on their own conduct by asking “What is ethical practice in this instance with 
these people?” (p. 496). 
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In this study, I adapted my research design, timeline and practice on a number 
of occasions as a result of ethical reflexivity. For example, when one of the teacher 
participants suffered bereavement, I ceased data generation in her classroom CoP 
until she felt ready to welcome me back. On another occasion, I accepted an 
invitation from one of the teacher participants to give a presentation on her practice 
at a colloquium for teachers participating in the New Basics project. Accepting this 
invitation risked compromising a previously agreed condition of the research: 
anonymity. To honour the teacher’s position as co-researcher, I resolved to help her 
showcase her teaching and the related research. In making this decision, I consulted 
Education Queensland, my research supervisors, and the school principal. As a 
strategy to limit possible risks, I was introduced at the colloquium as a university-
based Critical Friend rather than as someone who had conducted research at the 
teacher’s school. In this case, I determined that any potential risks associated with 
compromising privacy were outweighed by potential benefits to the teacher, 
Education Queensland, and our research relationship. 
In this section, my account of measures taken to ensure the trustworthiness and 
ethical conduct of the study has been largely procedural. However, procedures exist 
to enable “decisions or judgments about respectful beneficent and just relationships” 
(Rallis & Rossmann, 2010, p. 496).  Ethical conduct therefore depends not only on 
interpersonal strategies, but intrapersonal ones. As a researcher, it is necessary that I 
reflects on and modify my own conduct in order to enable a comprehensive and 
trustworthy account of the research phenomenon that is respectful and not 
exploitative of research participants.  
Several ethical dilemmas arose during the conduct of the study. First, I became 
aware of an inclination to identify with the practice of one teacher more than another. 
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I am an early childhood teacher, and have been for 26 years. I became aware that my 
own views on what constitutes good practice might cloud my ability to accurately 
describe and explain the practice of the teacher participants. To counter this 
inclination, I actively practised “suspension of judgment” (Dietz, Gillespie, & Chao, 
2010, p. 28). Supported by ongoing discussion with my research supervisors, I 
reflected on my views and worked to maintain an open mind as to the factors that 
contributed to the effectiveness of the school in enabling the mathematical learning 
of young children. Another of the ethical dilemmas that arose during the conduct of 
the research was in relation to one of the teacher participants who suffered 
bereavement and absent from the school for several weeks. I felt that it was 
important to reiterate to this participant her right to discontinue involvement in the 
research should she feel unable to continue. Fortunately, upon her return to school 
the teacher elected to continue.  
4.7 Summary 
In this chapter, I have described the critical case study design adopted to investigate 
the research question, outlining and providing justification for methodological 
choices. In the next chapter, I begin my presentation of data analysis, laying out the 
case record in three chapters (Chapters 6, 7 and 8). These chapters are prefaced with 
a brief chapter (Chapter 5) that provides a snapshot of practice in each of the CoPs. 
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Chapter 5: Preface to Analysis 
This chapter prefaces analysis of mathematics teaching and learning in two 
mathematical CoPs. Subsequent chapters (Chapters 6, 7 and 8) describe and explain 
events and interactions that comprised mutuality in the CoPs, mutuality being the 
criteria and expectations that dictate social behaviour and constitute social relations 
(Wenger, 1998). In particular, I examine how mathematical events and interactions 
in the CoPs made available mathematical identities of competence (Horn, 2008), 
agency (Anderson & Gold, 2006), and inclusion (Solomon, 2009), especially for 
students from backgrounds associated with low mathematical achievement. Low 
achievement is most commonly associated with low socio-economic (SES) 
backgrounds (Boaler, 2002; Brown, Cady & Lubienski, 2011; Kitchen, DePree, 
Céledon-Pattichic & Brinkerhoff, 2007).  
 The purpose of this preface is to provide information that will support the 
reader in engaging with later analysis. To this end, I provide brief summaries of one 
lesson conducted in each of the CoPs under investigation, that is, Mrs Kelly’s CoP 
(Section 5.1) and Mrs Roberts’ CoP (Section 5.2). These summaries ‘set the scene’ 
for later analysis, providing snapshots into mathematics teaching and learning in 
these classrooms. The lessons presented as snapshot lessons were chosen because 
each covered the same content strand: Measurement. So, they were illustrative of 
how the teachers sought to communicate similar mathematical knowledge in 
different ways. Further, the patterns of interaction observed during each of the 
lessons presented seemed typical of interaction in each CoP. Subsequent chapters are 
organised around key events that characterised all lessons observed in the CoPs and 
present analysis of data generated during the snapshot lesson as well as other lessons 
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selected for detailed analysis (Table 4.3). The relationship of the preface to later 
analysis chapters is illustrated in Figure 5.1. 
 
Figure 5.1. Overview of analysis chapters. 
 
5.1 Snapshot of practice in Mrs Kelly’s CoP 
The lesson summarised here involved small groups of students investigating 
mathematical problems from the content strand now known as Measurement and 
Geometry (Australian Curriculum and Assessment Reporting Authority, 2011).  
During this lesson, students attempted to complete mathematical tasks based on 
information about frogs. Heterogeneous groups of Years 1 and 2 students were each 
allocated a mathematical task. One of the tasks allocated is reproduced below (Figure 
5.2). Groups worked collaboratively to design, implement and record a method of 
completing the task. Each group was then required to share any representations made 
as they worked on the task (Figure 5.3) and communicate their findings in the 
context of a “Sharing Circle” (Figure 5.4). In the Sharing Circle, students were 
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expected to explain and justify the methods they had used to complete allocated 
tasks. 
 
 
Figure 5.2. Example of the mathematical task: Life cycle of a frog. 
 
 
Figure 5.3. Chart representing life cycle of a frog. 
 
 
Figure 5.4. The sharing circle. 
Life cycle of a frog 
  
How could you show on a timeline the 
following information: 
At 3 weeks the eggs hatch. 
1 week later the tadpole will begin to swim. 
At 9 weeks tiny legs start to sprout. 
At 12 weeks the tadpole has only a tail stub. 
At 16 weeks the frog is fully grown. 
 174  Chapter 5: Preface to Analysis   
5.2 Snapshot of practice in Mrs Roberts’ CoP 
The lesson summarised here involved students in the practice of measurement using 
methods prescribed by Mrs Roberts, their who began the lesson by telling students 
that they were going to do some measuring. Students were asked to choose a partner 
with whom to work and told that they were to use the paper strips provided to 
measure around one another’s heads and other body parts (head, arm, leg, body). 
Students were then given paper strips and a worksheet on which to record the 
outcomes of their measurement (Figure 5.5).  
 
 
Figure 5.5. Worksheet: Measuring body parts. 
As students collected their supplies, the teacher wrote the names of the body parts 
that students had been asked to measure on the chalkboard. Once students had 
measured all the body parts required (Figure 5.6), they took their paper strips to the 
teacher who checked the accuracy of their measurements.. The teacher then told 
students to use a metre ruler to measure their strips and to record the measurements 
on the strips (Figure 5.7). The lesson concluded with students gathering in a circle to 
compare the lengths of various students’ body parts and record measurements of 
various body parts on their worksheets. 
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Figure 5.6. Student measuring body parts. 
 
Figure 5.7. Using the ruler to measure paper strips. 
 
5.3 Key mathematical events in the CoPs 
A review of the snapshot lessons and the other lessons transcribed revealed three key 
mathematical events that characterised practice in the CoPs. These were: 
• introducing mathematical tasks; 
• task completion; and 
• sharing solutions. 
Almost all episodes coded could be identified as comprising one of these event types, 
as illustrated in the chart below (Figure 5.8).  The event types are broadly categorised 
 176  Chapter 5: Preface to Analysis   
to accommodate the diverse practices of the teachers in the CoPs. While the 
mathematical events that occurred in the CoPs were of the same broad types, events 
in Mrs Kelly and Mrs Roberts’ CoPs were characterised by different patterns of 
interaction. In the next three chapters, I analyse practices observed during events of 
each type and the different “patterns of interaction” (Black, 2004, p. 39) that 
emerged in the CoPs during these events. This enables me to discern relationships 
between pedagogy and social relations in the CoPs, as well as the forms of agency 
privileged in each. 
 
Figure 5.8. Events observed during the snapshot lessons. 
This information contributes to the formation of conclusions about mathematical 
identities made available to students because of their participation in the CoPs. As 
mathematical identities mediate both equitable outcomes and relational equity, 
analysing the relationship between pedagogy and mathematical identity development 
yields information about teaching practices supportive of equity.  The framework for 
data analysis (Figure 4.3) and theoretical framework were summarised earlier (Figure 
3.5). 
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Chapter 6: Task Introduction 
In this chapter, I describe and explain practices typical of those in the first of the 
events that occurred during mathematics lessons in the CoPs: Task introduction. In 
both Mrs Kelly and Mrs Roberts’ CoPs, lessons began with the introduction of a 
mathematical task or tasks. Differences in the style and substance of task 
introduction established distinct and different systems of mutuality in each 
classroom. These systems of mutuality impacted on mathematical identities made 
available to students, determining both relational equity and students’ ability to 
become competent “doers of mathematics” (Martin, 2007, p. 147). I now describe 
and compare practices of the participant teachers during lessons analysed.   
6.1  Teacher practices observed during task introduction 
As already mentioned, teacher practices enacted in Mrs Kelly and Mrs Roberts’ CoP 
during the introduction of mathematical tasks were markedly different. Taking the 
snapshot lesson as an example, task introduction in Mrs Kelly’s CoP occupied 31 of 
the 66 interactive episodes observed (47%). The most frequently observed teacher 
practice during this portion of the lesson was inviting student choice in respect to 
mathematical methods (n = 8). Several other practices were also prominent during 
the introduction of mathematical tasks in Mrs Kelly’s CoP snapshot lesson, namely 
demonstration and explanation (n = 7) and introducing problems and questions for 
investigation (n = 5). Practices associated with arranging the classroom environment 
were evident in four episodes.  
In Mrs Roberts’ CoP, task introduction occupied a far smaller proportion of 
episodes recorded. Of 59 episodes recorded, 13 were occupied with task introduction 
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(22%). Of the 13 episodes occupied with task introduction, 10 (77%) involved the 
specification of mathematical methods (n = 10). Practices observed during the task 
introduction in the snapshot lesson are shown in Figure 6.1. 
 
Figure 6.1. Practices observed during task introduction: Snapshot lesson. 
 
Forms of practice observed as Mrs Kelly and Mrs Roberts introduced 
mathematical tasks during the snapshot lesson were largely typical of mathematics 
lessons in both CoPs. Figure 6.2 shows practices observed in all lessons transcribed 
in detail. In Mrs Roberts’ CoP, the specification of methods dominated task 
introduction during all other lessons observed, just as it did in the snapshot lesson. 
However, there was an exception: one practice observed during other lessons was not 
prominent during the snapshot lesson. Mrs Kelly engaged in building shared 
understanding of real life contexts for mathematical problems and questions in only 
two episodes during the snapshot lesson. When all lessons are considered together, 
this practice can be seen to be prominent, as shown in Figure 6.2. 
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Figure 6.2. Practices observed during task introduction: All lessons. 
 
In the remainder of this section, I describe and analyse practices observed 
during task introduction in the CoPs. Practices are described in the order in which 
they most often appeared during lessons. While task introduction in Mrs Roberts’ 
CoP was dominated by a single practice, the specification of mathematical methods, 
an additional practice is included in the analysis. This is the identification of the 
mathematics to be learned or practised. While the identification of mathematics to be 
learned occupied only a single episode during the snapshot lesson, it was the very 
first practice in which Mrs Roberts engaged during almost every mathematics lesson 
observed. Mrs Roberts’ consistent use of the practice makes it worthy of attention 
here. I now examine the introduction of problems and questions in Mrs Kelly’s CoP 
(Section 6.2) and Mrs Roberts’ practice of identifying the mathematics to be learned 
or practised (Section 6.3). 
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6.2 Introducing problems and questions for investigation 
In Mrs Kelly’s CoP, task introduction invariably involved the introduction of a 
problem or question for investigation. Mrs Kelly considered the problems and 
questions introduced to be “real life” problems or questions. By this she meant that 
they situated mathematical activity in a context relevant to students’ experiences. Not 
all contexts presented to students were authentic real life contexts, as can be seen 
from the example below. However, the use of problems and questions as a focus for 
mathematics teaching and learning was clearly evident, as was Mrs Kelly’s intention 
of situating mathematical activity within “real life” contexts. Of the 19 mathematics 
lessons observed in Mrs Kelly’s CoP, all began with the introduction of a problem or 
question. All of these problems or questions were situated in an apparent “real life” 
context. In this excerpt from the snapshot lesson, Mrs Kelly began the lesson by 
introducing one of several questions for small group investigation (Figure 6.3). 
 Mrs Kelly:  I have some information here about the Catholic frog [a species 
of frog]…What things is it the same size as? (Classroom 
observation, 5 September 2005, Episode 9) 
 
 
 
 
 
 
Figure 6.3. Mathematical question: Comparing length. 
 
 
 
	  
	  
The Catholic frog [species of frog] is a yellow 
or greenish Australian frog which [sic] gets to 
be about 4cm. What things is it the same size 
as?  
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In the excerpt below, also from the snapshot lesson, Mrs Kelly presented another 
question for investigation (Figure 6.4). All questions introduced had been prepared 
prior to the lesson by Mrs Kelly, and related to a unit of study designed around 
investigating the habitat of an endangered species. 
Mrs Kelly:   The experiment for you is…How far could the Catholic frog, 
which is 4cm [leap]? (Classroom observation, 5 September 
2005, Episode 15) 
  
Figure 6.4. Mathematical question: Calculating distance. 
  
The investigation of problems and questions, particularly those grounded in 
real life, has for some time been advocated as a pedagogy with potential to advance 
students’ mathematical knowledge and understanding (D'Ambrosio, 2003; Galbraith, 
2006; Pugalee, Douville, Lock, & Wallace, 2002). Advocates for organising 
mathematics instruction around investigations stress the importance of assisting 
students to identify the mathematical aspects of questions and problems under 
investigation (Clarke & Clarke, 2004; Sullivan, Clarke & Clarke, 2012). This is 
sometimes called articulating “learning intentions” (Hattie, 2009, p. 23).  
Against much current advice advocating the explicit identification of learning 
intentions, Mrs Kelly was rarely observed identifying the mathematics that students 
	  
Frogs can launch themselves over 20 times 
their own length. How far would the Catholic 
frog [species of frog] which [sic] is 4cm leap? 
How will you find out? How will you record it? 
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would learn or practise during a lesson. She did not do so in any of the lessons 
analysed (Figure 6.2). Instead, Mrs Kelly generally foregrounded the problem or 
question to be completed. In the snapshot lesson, for example, the focus of the lesson 
was solving problems allocated to each group. Students were not told that the 
problems all related to the concept of measurement. In another lesson organised 
around a game of ten-pin bowling, the focus of the lesson was presented as “getting 
the pins” over (Classroom Observation, 30 August 2005). Students spent the lesson 
in the playground, knocking over actual bowling pins and adding the number of pins 
knocked over on each of two occasions to arrive at the total sum. The purpose of the 
lesson was presented as getting the maximum number of pins over. The use of an 
algorithm to record the number of pins knocked over was presented as subordinate to 
that task.   
 When the mathematical focus of a lesson is specified, mathematics itself is 
allocated agency – or power – within the CoP. The disciplinary agency of 
mathematics is reinforced when students come to understand that mathematics has 
meaning and power independent of context. By presenting mathematics as 
subordinate to the real life task being performed, or to the problem or question under 
investigation, Mrs Kelly privileged other forms of agency over disciplinary agency. 
The forms of agency privileged in Mrs Kelly’s CoP can be discerned by examining 
the patterns of interaction associated with various practices.  
 The pattern of interaction most evident as Mrs Kelly introduced problems or 
questions during the introduction of mathematical tasks in the snapshot lesson was 
“open-ended questioning” (Harris & Williams, 2007, p. 68). An example of an open-
ended question used during task introduction during the snapshot lesson was when 
Mrs Kelly asked, “Why do we count in twos?” This question was posed in response 
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to a student’s suggestion that the group should count in twos when gathering pebbles 
for an investigation. Open-ended questioning has the potential to enhance 
mathematical reasoning and communication (Ball & Bass, 2003). However, early 
childhood educators often consider open questions to be less useful than closed 
questions and use them less than teachers in higher grades in their teaching (Siraj-
Blatchford, Sylva, Muttock, Gilden, & Bell, 2002). When explaining why they did 
not find open-ended questions useful, some early years teachers stated this was 
because open-ended questions did not elicit desired responses (Harris, 2005). This 
view reflects a sense that students must learn to defer to disciplinary agency 
(Pickering, 1995), with useful questions being those that demonstrate students’ 
compliance with standard principles, routines and goals of the vertical discourse of 
mathematics.  
 Unlike the teachers interviewed by Harris (2005), Mrs Kelly embraced the 
use of open-ended questions. During task introduction in the snapshot lesson, Mrs 
Kelly engaged in questioning during 10 of the episodes observed. In 9 (90%) of these 
episodes, Mrs Kelly’s questions were open-ended (Figure 6.5). 
  
Figure 6.5. Mrs Kelly’s questioning: Task introduction during snapshot lesson. 
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Open-ended questioning was, in fact, prominent throughout the snapshot lesson. 
During the entire lesson, Mrs Kelly engaged in questioning during 16 episodes. In 14 
(88%) of these episodes, her questions were open-ended (Figure 6.6).  
 
Figure 6.6. Mrs Kelly’s questioning during the entire snapshot lesson. 
  
Mrs Kelly’s use of open-ended questioning during the introduction of 
mathematical tasks and throughout the lesson stands in contrast to Mrs Roberts’ use 
of questioning at the same point in her mathematics lessons and in her general 
practice. During the entire snapshot lesson, Mrs Roberts engaged in questioning 
during 20 episodes. In 19 (95%) of these episodes, her questions were closed (Figure 
6.7). Mrs Roberts posed only one mathematical question during task introduction: 
“Robin thinks this way is bigger than this way. Who agrees?” This question was 
closed. Students were asked to evaluate Robin’s contention that his head 
measurement would be larger if he measured from the top of his head around under 
his chin than if he measured around his head circumference. Students were asked to 
Closed 
questioning 
2 
12% 
Open-ended 
questioning 
14 
88% 
  
Chapter 6: Task Introduction 185 
express agreement or disagreement without justifying their position, hence the 
categorisation of the question as closed.  
 
Figure 6.7. Mrs Roberts’ questioning: Snapshot lesson. 
 
Open-ended questions like those Mrs Kelly used represent pedagogy with 
weaker framing.  By sharing control over the selection and pacing of mathematical 
communication, Mrs Kelly invited students to exercise human agency. Open-ended 
questions as posed by Mrs Kelly during the introduction of mathematical tasks can 
also communicate a vision of mathematics as a more weakly classified discourse. 
Unless solutions, strategies and representations are inspected and compared to 
practices considered legitimate within the vertical discourse of mathematics, their 
generation becomes an end in itself (Ball & Bass, 2000). That is, they are unlikely to 
advance inquiry or improve students’ mathematical knowledge or understanding. 
This leaves the boundaries of mathematical discourse unmarked, a situation known 
to negatively impact the mathematical achievement of students from backgrounds 
associated with low mathematics achievement (Ball, Goffney, & Bass, 2005; Bourne, 
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2004; Cooper & Dunne, 2004; Lubienski, 2004). The student population at Mirabelle 
had historically included a large number of students from such backgrounds, but the 
school had still achieved good results on standardised tests of mathematical 
achievement. Further analysis here is concerned with explaining why. 
 In evaluating students’ responses to open-ended questions posed during the 
introduction of mathematical tasks, Mrs Kelly was not observed inspecting and 
comparing students’ answers to the vertical discourse of mathematics. Thus, her 
pedagogy during the introduction of mathematical tasks can be seen to be pedagogy 
with weaker framing and classification. Pedagogy like this is considered more 
“invisible pedagogy” (Bernstein, 1975, p. 116), because the criteria and expectations 
against which student performance is to be judged are not made apparent. However, 
while Mrs Kelly’s use of open-ended questioning during the introduction of 
mathematical tasks constituted more invisible pedagogy, she occasionally introduced 
visible elements into that pedagogy. One example of this was Mrs Kelly’s practice of 
referring students to consider the mathematical aspects of a real life phenomenon, as 
in the excerpt below.  
Mrs Kelly:  We were looking at this book of masks and we talked about that 
we’re going to design our own masks…Have a look on the 
cover.  What are the mathematical principles you can see in 
some of the designs on these masks?  (Classroom observation, 
24 October 2005, Episode 1) 
 
By asking students to identify the “mathematical principles” evident in a 
particular illustration, Mrs Kelly signalled her expectation that communication about 
the real life phenomena of masks is to conform to rules associated with the vertical 
discourse of mathematics. In this episode, pedagogy is once again more weakly 
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framed, as Mrs Kelly invited students to exercise personal agency as they 
participated in the selection of mathematical knowledge for discussion. It is less 
weakly classified, however, as the ground is laid to inspect and compare student 
responses against the vertical discourse of mathematics. In the episode above, Mrs 
Kelly’s incorporated some visible elements into her largely invisible pedagogy. 
These elements allocated agency to the discipline of mathematics. However, the 
disciplinary agency of mathematics tended to be overshadowed by Mrs Kelly’s 
promotion of personal agency.  
Unlike Mrs Kelly, Mrs Roberts was overt in her promotion of disciplinary 
agency during the introduction of mathematical tasks. Task introduction in Mrs 
Roberts’ CoP rarely involved the introduction of a question or problem for 
investigation. Instead, lessons in Mrs Roberts’ CoP usually began with identification 
of the mathematical concept or skill that students were expected to learn or practise 
during the day’s activity.  
6.3 Identifying mathematics to be learned or practised 
At the beginning of lessons in Mrs Roberts’ CoP, Mrs Roberts usually presented 
students with a description of the task that was to be the focus of that day’s activity. 
The duration of time occupied with task description was limited – it was observed in 
only one episode of the 13 episodes occupied with task introduction during the 
snapshot lesson. Nevertheless, Mrs Roberts almost always began mathematics 
lessons by describing the task to be completed, making it a prominent practice in the 
CoP. So, her practice of describing tasks, while occupying relatively few episodes, 
was routine. It involved little interaction; communication was univocal, but occurred 
regularly. 
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Mrs Roberts:   Now, today we are going to do some measuring . We are not 
going to use our rulers. Ok…I’ll just get my sticky tape, and 
we’ll be in business. (Classroom observation, 30 August 2005, 
Episode 1) 
Here, Mrs Roberts communicated her expectation about the forms of participation 
that would be considered legitimate during the day’s lesson. That is, the practice of a 
mathematical skill. While Mrs Roberts later used students’ measurements to facilitate 
discussion of a range of real life questions, those questions were neither introduced 
nor anticipated in the lesson’s introduction. A subsequent lesson on measurement 
conducted in Mrs Roberts’ CoP was similarly introduced. 
Mrs Roberts:  Remember last time we did measuring we went downstairs and 
we were jumping weren’t we? On one foot and two feet and 
then we were measuring weren’t we? We’re still going to use, 
we’re going to use parts of our body… …to measure with. 
Today we’re going to use our feet. Feet are easy aren’t they? 
(Classroom observation, 2 November 2005, Episode 1) 
Another lesson, about time, was introduced by discussing the mathematical 
concept related to the procedure to be practised. In the excerpt below, Mrs Roberts 
reviewed the concept studied the previous week and made a connection from that 
concept (time) to the procedure about to be practised (recording the time on an 
analogue clock): 
Mrs Roberts:  Ok.  Last week we did time, didn’t we? And we were concentrating 
on ‘o’clock’ time, weren’t we?  What was another name for this 
hand? Francis?  Where did it have to point if it was o’clock? 
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… Well, today we’re going to look at half past times.  What’s 
another way we can say half past? (Classroom Observation, 4 
October 2005, Episode 5) 
When identifying the mathematical concept or skill to be learned or practised, Mrs 
Roberts usually simply stated the topic of the lesson. If questions were asked at all, 
they were usually “closed” questions designed to orient students to the lesson topic 
(Harris & Williams, 2007, p. 68). While only one such questions were asked during 
task introduction during the snapshot lesson, they were a  prominent feature of task 
introduction during other lessons conducted in Mrs Roberts’ CoP. Figure 6.8 shows 
the patterns of interaction observed during task introduction within another lesson, an 
algebra lesson on tessellating patterns. During this lesson, Mrs Roberts asked 39 
closed questions during task introduction.  
 
Figure 6.8. Mrs Roberts CoP: Patterns of interaction during task introduction in an 
algebra lesson. 
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 Whether or not she used questioning during the introduction of mathematical 
tasks, Mrs Roberts’ pedagogy during this event was strongly framed. The selection, 
sequencing, pacing, and evaluation of mathematical content were tightly controlled 
with little room allowed for interpretation or misunderstanding (Bernstein, 2004). 
Answers were either correct or they were not. Participation was considered 
legitimate when it conformed to the principles, routines and goals of the vertical 
discourse of mathematics. Practice of this type enacted privileges disciplinary 
agency, requiring students to adopt an attitude of compliance or “surrender” 
(Wagner, 2007, p. 43) as they learn to conform to standard rules This sets up an 
expectation that the teacher will mediate access to mathematical discourse. As the 
“harbinger of knowledge and power” (Zevenbergen, et al., 2004, p. 395), Mrs 
Roberts inducted students into apparently immutable mathematical ‘truths’. Relations 
of power emerge that are asymmetric, meaning that the teacher adopted a position of 
authority and rarely shared control with students. As a result, classroom 
communication was reproductive rather than generative, with students expected to 
recall and reproduce responses as previously instructed rather than generate their 
own solutions or explanations.  
 While the excerpts provided demonstrate Mrs Roberts’ visible pedagogy 
during the introduction of mathematical tasks, the absence of any reference to 
horizontal discourse is also of interest. In general, tasks presented during lesson 
introductions were not contextualised at all, as in the case of the following lesson on 
place value. 
Mrs Roberts:  Ok, into a circle please. [The children wriggle into a circle beside 
Mrs Roberts’ chair] Fiona, I asked you not to sit next to Courtney. 
Francis, Francis…Thank you, um…Juliette, can you come and 
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make for me…in tens and ones…59. (Classroom Observation, 23 
August 2005, Episode 1) 
Here, the lesson began by asking an individual student to represent a certain number 
using manipulative materials, with the group then asked to confirm the value of the 
number represented. Mrs Roberts did not situate the lesson within a real life context, 
and the mathematical procedure was not linked to a mathematical problem or 
question. During the lesson, she did not refer to the possible uses of the procedure or 
explain its relevance to other activities in which the classroom community might 
engage. Put another way, Mrs Roberts did not identify or explain the relationship of 
mathematical activity to experience. Treating mathematics as separate to experience 
privileges disciplinary agency, making the rules of the vertical discourse of 
mathematics the only reference for evaluating the legitimacy of practice (Wagner, 
2007). 
6.4 Expectations established during task introduction 
The practices enacted during the introduction of mathematical tasks by Mrs Kelly 
and Mrs Roberts, as described so far, established certain expectations about what 
knowledge was considered legitimate in the CoPs, as well as criteria for the 
evaluation of mathematical knowledge. These expectations formed the basis of social 
norms, establishing systems of mutuality and shaping social relations in the CoPs. 
Mrs Roberts, for example, presented mathematics as a discourse with meaning 
largely independent of context. In Mrs Roberts’ CoP, discussion of experience was 
tightly controlled by the use of either direct instruction or closed questioning to 
communicate information about the principles, routines and goals of the vertical 
discourse of mathematics. This is not a pattern of interaction generally associated 
with relational equity (Boaler 2008). By retaining strict control over the selection and 
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pacing of what was considered legitimate mathematical communication in the CoP, 
Mrs Roberts established asymmetric power relations.  
 Mrs Kelly, on the other hand, challenged the privileged position of the 
vertical discourse of mathematics by situating all mathematical activity in contexts 
external to the discipline. By allocating value to horizontal discourses and 
demonstrating the relationship to the vertical discourse of mathematics, mathematics 
was presented not as separate to experience but entwined with it. Framing the 
relationship between mathematics and experience in this way re-frames the 
relationship between teacher and students. Because valued knowledge is not confined 
to the disciplinary boundaries of mathematics, the teacher is no longer positioned as 
the sole person of authority. Students assume their own authority based on their 
knowledge of their own experience and this authority is acknowledged and brought 
to bear on their interactions with disciplinary knowledge. The pedagogy here is more 
weakly classified and more weakly framed (Bernstein, 2000), with the boundaries 
that mark the discipline of mathematics presented as porous rather than impenetrable. 
Social relations are reconfigured with authority over what constitutes legitimate 
mathematical communication distributed among students rather than residing in the 
position of teacher. 
 Situating mathematical activity within the context of real life problems, as 
Mrs Kelly set out to do, is often presented as a way of making mathematics more 
accessible to students from backgrounds associated with low mathematical 
achievement (Swanson, 2002). The reconfiguration of social relations described 
above is one step towards this. However, embedding mathematics in real life tasks, 
while potentially supportive of relational equity, is insufficient on its own to achieve 
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equity for students from backgrounds associated with low mathematical achievement 
(Miller, 2009).   
There are two issues to consider here. First, assumptions about what constitutes 
a ‘real life’, or ‘authentic’, mathematics task, are not always applicable to students 
from backgrounds associated with low mathematical achievement (Jackson & Cobb, 
2010). The use of real life problems has the potential to promote mathematical 
participation if those questions or problems have meaning for students (Bonotto, 
2002). Tasks based in real life contexts with which students are unfamiliar are 
unlikely to promote effective participation (Cooper & Dunne, 2004). It is important 
that teachers of students from backgrounds associated with low mathematical 
achievement take action to make sure that tasks relate to students’ experience and 
students are able to perceive this relationship (Ball, et al., 2005; Boaler, 2002; 
Lubienski, 2004). 
 The second issue of concern is that familiarity with a real life context does 
not always lead to a better understanding of its mathematical aspects (Jackson & 
Cobb, 2010). Weakening the classification of mathematics, while appearing to 
support more equitable social relations, can result in students from certain 
backgrounds finding it difficult to discern the mathematical aspects of problems or 
tasks (Dowling & Brown, 2010). Equity is advanced when students from 
traditionally disadvantaged backgrounds achieve at similar levels to students from 
non-disadvantaged backgrounds (Hodge et al., 2007). With this in mind, it is 
important that students develop identities of mathematical competence with currency 
outside the CoP.  That is, their mathematical practice must be recognised as 
legitimate by other competent “doers of mathematics”, including those external to 
the CoP (Martin, 2007, p. 147).  
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 In the next sections, I describe several other practices observed during the 
introduction of mathematical tasks in Mrs Kelly and Mrs Roberts’ CoPs and consider 
how these practices enabled students to become competent doers of mathematics and 
supported relational equity. The first of these practices, specifying mathematical 
methods, was the dominant practice during the introduction of mathematical tasks in 
Mrs Roberts’ CoP. 
6.5 Specifying mathematical methods  
Mrs Roberts privileged disciplinary agency in her CoP. This was most evident in her 
practice of specifying the methods that students were to use to complete 
mathematical tasks. During the snapshot lesson and during all other lessons observed 
in Mrs Roberts’ CoP, she retained authority over method selection by telling students 
in precise detail exactly how mathematical procedures were to be completed. This 
practice was observed in 10 of the 14 interactive episodes (77%) occupied with task 
introduction during the snapshot lesson (See Figure 6.1). 
 There were two ways in which Mrs Roberts specified methods. The first was 
to tell students directly which methods to use, often demonstrating exact procedures 
to be followed. The second was to use a series of mostly closed questions that led 
students to inevitably identify the method selected by the teacher. In the excerpt 
below from the snapshot lesson, Mrs Roberts adopts the first of these methods, 
specifying in detail how students are to go about measuring certain body parts. 
Mrs Roberts:  You’re going to measure around your head…Not that way 
(places strip of paper around the circumference of her 
head)…That way (places strip of paper under chin, over top of 
head and back to chin). Then, you’re going to measure from 
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your shoulder to your fingertips. (Classroom observation, 30 
August 2005, Episodes 2 and 3) 
In another lesson on measurement, Mrs Roberts specified an alternative method that 
students could use to measure body parts using arbitrary units of measurement. 
Mrs Roberts:   And the other measurement we’re going to use with our 
bodies is our hand span…Who knows what a hand span is? 
From your what to your what? What have I got to do to my 
hand? (Classroom observation, 2 November 2005, Episode 1) 
Students whose practice deviated from that specified by the teacher were reminded 
that the teacher was in control of legitimate mathematical communication in the CoP. 
In the episode below, for example, a student (Peter) began to use a metre ruler to 
measure himself rather than using hand spans as directed.   
Mrs Roberts: Did I ask you to do that? 
Ok. Have a look at the metre ruler.  Have a look at your handspan.  
How many of your hands do you think will fit along the metre ruler? 
(Classroom observation, 2 November 2005, Episode 1) 
In the latter part of this exchange, the question Mrs Roberts asked could be read as an 
attempt to relate the student’s chosen method to the one that she had specified. 
However, her initial statement reminded the student that she was the person who 
controlled method selection and that his practice represented a deviation from that 
method.  
 The two excerpts presented so far, from two different lessons on 
measurement, demonstrate Mrs Roberts’ approach to teaching mathematical 
methods. Mrs Roberts considered it part of her role to teach students a range of 
mathematical skills and procedures that they might later apply to the investigation of 
a question or problem, as she explained during one of her individual interviews. 
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Mrs Roberts:  They do have prior knowledges and they do have experiences, but to 
get to that [mathematical knowledge required to function at Year 7 
level]…they do actually have to learn certain drill things.  
Certain… what’s the word?  Not…methods? …Because they’ve got 
to see that there is a procedure.  If I use that example of the Year 
7 child…  There’s a procedure that you have to go through to work 
out the areas so that you can make it more like… 
Researcher: [And knowing] these procedures makes maths more useful…? 
Mrs Roberts:  Well how else do you work it out? (Individual Interview 1, 6 
October 2005, Episodes 14 and 15) 
 
It is useful to note that during the 18 lessons observed in Mrs Roberts’ CoP, I did not 
observe any occasions when students were asked to independently select a procedure 
from those learned and apply it to investigation of a real life problem or task 
completion. That is, students were not invited to exercise individual or collective 
agency. When students are unable to exercise agency in the selection of methods, it 
is unlikely that they will develop strategic competence as a result of participation 
(Cleare, 2011).  
 Mrs Roberts appeared to view the early years as a time during which students 
should learn mathematical procedures that they would have opportunities to apply in 
later years. There was no sense that student knowledge of mathematical procedures 
might be constructed or negotiated through a process of guided exploration. It was 
clear that Mrs Roberts considered it important that students were told and/or shown 
the expected way to perform mathematical procedures. To illustrate, in a lesson on 
money, students were placed in groups with each group being given a set of addition 
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operations to complete where the addends were different amounts of money. Each 
group was allocated a different method of “working out” the problems. For example: 
Mrs Roberts:  Now, the group that’s going to be working with me, we are going to 
be working with this sheet and we’re going to be working out 
these problems. Ok? With money. (Classroom observation, 11 
October 2005, Episode 1) 
The group that worked with Mrs Roberts was required to represent each addition 
operation by selecting the correct pretend coins and laying them out. They were then 
expected to add the amounts of money together and record the sum of the two 
amounts using other pretend coins.  Another group was asked to use money stamps 
to represent the addends in addition problems, then add the values of the coins 
stamped together and stamp out a total amount.  
Mrs Roberts:  Now, can anybody read what these instructions (Figure 6.9) say? 
…Danielle, can you read the instructions please? 
Danielle:   Use the stamps to make these sums.  (Classroom observation, 11 
October 2005, Episode 1) 
Use the stamps to make these 
sums: 
1. 20c + 20c 
2. 50c + 20c 
3. 10c + 5c 
4. 30c + 10c + 5c 
5. 20c + 20c + 20c 
6. 50c + 50c 
7. 10c + 10c +10c + 
10c 
8. 50c + 20c + 10c 
9. 20c + 50c 
10. $1.00 + 20c 
 
Figure 6.9. Mathematics problems in Mrs Roberts’ CoP. 
Before students were sent to complete this group task, Mrs Roberts specified the 
method to be used. 
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Mrs Roberts:  Exactly…But, what you’re going to do is … in this little box there 
are some money stamps.  And…if you look, you’ll see which money 
stamps (Mrs Roberts held up a 20c stamp).  And now, if it says 20c 
+ 20c you’ll have to get your 20c, stamp it on your book, put a plus 
sign… …The plus sign, and then another 20c, and then when you 
put the equals sign, which there is in here as well (Mrs Roberts 
holds up an equals sign stamp).  There’s one, that’s the equals 
sign…you then have to stamp how much money it is. (Classroom 
observation, 11 October 2005, Episode 1) 
Mrs Roberts’ practice here communicates clear expectations about what constitutes 
legitimate mathematical communication in the CoP.  To be considered legitimate, 
mathematical procedures used in the CoP must be completed in accordance with the 
teacher’s instructions. The teacher is the person responsible for articulating those 
instructions and evaluating compliance.  
The pattern of interaction that emerges is “univocal” (Truxaw, Gorglevski, & 
DeFranco, 2010, p. 58), meaning that it is the teacher’s voice that dominates 
classroom communication. In this case, Mrs Roberts directed student practice in a 
straightforward way, describing and demonstrating the required procedure before 
each student completed the task as directed. Questioning was limited and closed. The 
pedagogy enacted here is more visible, in that the rules governing legitimate 
participation are clearly stated. It is more strongly classified, as mathematical 
procedures (vertical discourse) are presented as independent of context (horizontal 
discourse). It is also has stronger framing, with the teacher taking control over the 
selection, sequencing, pacing and evaluation of mathematical methods. 
 The second of the techniques used by Mrs Roberts to specify method 
selection during the introduction of mathematical tasks was to pose a series of mostly 
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closed questions, leading students towards an inevitable identification of the 
teacher’s preferred method, like in this lesson on measuring time.  
Mrs Roberts:  Yesterday with my Year 1s, we were talking about time.  What are 
different ways we can tell the time?  
Roley:   Well, you can show it by your shadow. 
Mrs Roberts:   Any other way we can tell the time? What other way can we tell the 
time? (Classroom observation, 27 September 2005, Episode 1) 
While this question is open-ended it was used to direct student responses toward a 
pre-determined outcome. After briefly discussing several methods of measuring time, 
including using the sun, a watch and a sun-dial, Mrs Roberts narrowed her 
questioning to assess students’ understanding of measuring time using an analogue 
clock.  
Mrs Roberts:  Now, if we look at this clock. How many hands has this clock got 
on it? 
Nicole:   One is a big hand. 
Peter:   A minute hand and an hour hand. 
Mrs Roberts:  Good explaining.  The big one is…? (No one answers). 
Which one moves faster? …Is there a hand that moves faster? 
Lex:   The second hand… 
Mrs Roberts:   If my minute hand was always on the 12, it would be something…? 
Camille:   O’clock. (Classroom observation, 27 September 2005, Episode 1) 
Mrs Roberts’ questioning here ‘funnelled’ students’ responses so that they formed a 
review of how to record time using an analogue clock. That is, responses specified in 
detail certain procedural features of mathematical discourse, making visible the 
criteria against participation would be evaluated.  
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 Mrs Roberts’ closed questions here and elsewhere provided opportunities to 
specify connections between procedural and conceptual features of mathematical 
discourse. However, this rarely occurred. Mrs Roberts was rarely observed 
identifying or explaining concepts underlying mathematical procedures. To illustrate, 
Mrs Roberts began a lesson on tessellating patterns by questioning students about 
features of various patterns on the cover of a book. 
Mrs Roberts:  …So we’ve got [indicating to the patterned words in the title of the 
book] spots and we’ve got stripes. Are the stripes, can you describe 
the stripes for me? Can you describe those stripes for me?  
Ruby raises her hand. 
Mrs Roberts:  Ruby? 
Ruby:  They’re going [makes a diagonal with her arm in the air] 
diagonal… 
Mrs Roberts:  Good girl, that’s the word I was looking for .  They’re going 
diagonally aren’t they? They don’t go straight up and down. 
(Classroom observation, 9 November 2005, Episode 7) 
 
Here, Mrs Roberts used closed questioning to assess the alignment of students’ 
practice with procedures associated with the vertical discourse of mathematics, in 
this case, the naming of various types of lines. 
 The manner in which assessment is conducted establishes expectations about 
mathematics and what it is for, and also about its social practice – including who is 
responsible for evaluating the legitimacy of participation. In the excerpt above, Mrs 
Roberts again made it explicit to students that there are correct answers to the 
questions and that she is the person responsible for evaluating the correctness of 
those answers. By telling students “that’s the word I was looking for”, Mrs Roberts 
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signals interest in aligning student responses with the universal and agreed features 
of mathematical discourse. Here, disciplinary agency is attributed to procedures 
rather than concepts or principles. This is pedagogy with stronger classification. In 
naming and defining diagonal lines, Mrs Roberts marked the boundaries of 
mathematical discourse. In exercising strict control over the selection, pacing and 
evaluation of mathematical questions, Mrs Roberts assumed authority over 
mathematical discourse. This is pedagogy with stronger framing. Acting together, the 
classification and framing of teaching and learning again constituted a highly visible 
pedagogy. The view of mathematics presented through this pedagogy was narrow 
and limited largely to the procedural aspects of mathematics. 
 Expectations established in Mrs Roberts’ CoP during the introduction of 
mathematical tasks privileged disciplinary agency and established asymmetrical 
relations of power. In contrast, expectations in Mrs Kelly’s CoP privileged human 
forms of agency and established more symmetrical relations of power. This was 
especially apparent during Mrs Kelly’s practice of inviting student choice in respect 
to methods of mathematical investigation and representation. As Figure 6.1 shows, 
this practice was the most frequently observed during task introduction in the 
snapshot lesson, with Mrs Kelly engaging in this practice during eight of 29 episodes 
observed (29%). It was also observed during task introduction in other lessons 
analysed (Figure 6.2). 
6.6 Inviting student choice of mathematical methods 
Students in Mrs Kelly’s CoP were encouraged to choose their own methods of 
investigation and representation when presented with a mathematical problem or 
question. For example, after outlining the question or problem to be investigated 
during the “Leaping Frogs” activity, Mrs Kelly asked students to consider methods 
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of problem solution and mathematical representation they might use during their 
investigation of the problem. 
 Mrs Kelly:   How far could the Catholic frog, which is 4cm…[leap]? It can 
leap as far as 20 times its own self. How are you going to work 
this out? How are you going to record that on this piece of 
paper?  (Classroom observation, 5 September 2005, Episode 
15) 
When presenting mathematical tasks to students, Mrs Kelly did not presuppose 
solution pathways or particular methods of mathematical representation. Instead, she 
communicated her expectation that students would make their own decisions about 
how to solve problems and represent their thinking. This was communicated over 
and over again to students, during the snapshot lesson and other lessons. In the lesson 
excerpt below, for example, students were asked to consider possible methods for 
producing a symmetrical representation of a bat.  
Mrs Kelly: Now, think back to what symmetry is. I want you to draw or cut 
out a bat and make sure it is symmetrical. How do you think 
you might be able to do that?  
  (Classroom observation, 15 August 2005, Episodes 16 and 17) 
Robin:   When you do one side, and you’re up to the other side, you’d 
just copy. 
The form of interaction initiated by Mrs Kelly here is, once again, open-ended 
questioning (Harris & Williams, 2007). By posing an open-ended question, Mrs 
Kelly enacted pedagogy with more relaxed (weaker) framing as she invited students 
to participate in the selection, pacing, and sequencing of methods for problem-
solving and mathematical representation. As individual students are asked to engage 
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in and account for decision-making, they are encouraged to exercise individual 
agency (Pickering, 2008).  
 Mrs Kelly supported students to exercise individual agency by engaging them 
in discussion prior to their investigation of mathematical problems. During this 
discussion, students were encouraged to identify and describe a number of potential 
methods for problem solution. In the episode below, for example, students responded 
to Mrs Kelly’s open-ended question (above) by proposing several different methods 
that could be used to make a symmetrical representation of a bat. 
Mrs Kelly:   So, you’d do one side at a time.  
Robbie:   I would fold it in half so I could cut out half a bat….We did it in 
art before. 
Michael: I would draw an ear, then the other ear. 
Mrs Kelly:  So, you’d go from side to side. Anyone know how you could 
use your grid book to make sure your bat was symmetrical? 
Will:   Drawing a wing, count how much squares. 
Mrs Kelly:   Oh, looking at the area covered?  (Classroom observation, 15 
August 2005, Episodes 16 and 17) 
The pattern of interaction that emerged as a result of Mrs Kelly’s open-ended 
questioning above departs from communication considered typical of mathematics 
classrooms. Conventionally, questioning in mathematics lessons has followed a 
traditional ‘Initiate-Respond-Evaluate’ (IRE) exchange structure (Brodie, 2007; 
Cazden, 2001). This pattern of interaction has proven persistent, despite multiple 
attempts to expand mathematics teachers’ use of questioning (Truxaw, et al., 2010). 
Unlike responses that align with the traditional IRE/IRF format, Mrs Kelly’s 
responses to students’ proposed methods were not evaluative. Rather, her responses 
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can be identified as examples of “revoicing” (Forman & Ansell, 2001, p. 119). 
Revoicing, as demonstrated in these excerpts, involved Mrs Kelly repeating, 
expanding, or translating students’ responses so as to align them with language 
considered legitimate within the vertical discourse of mathematics like so: 
Mrs Kelly: Can anyone tell me if there’s a way that you can look at what Roley 
has done and say, “Oh, that’s not six rows of four. That’s something 
else.” Do you think you’ve spotted it Anton? 
Anton:   (Comes to the centre of the circle) Six rows of three. 
Mrs Kelly:   Oh, you’re thinking… 
Anton:  (Gestures in the direction of the side rows of the array) 
Not counting those ones there” 
Mrs Kelly:  If you’re saying “Not counting”, then you’re taking some away  
(Classroom observation, 22 August 2005, Episode 8). 
 
Like the teacher in the study by Strom et al. (2001) on mathematical argumentation, 
Mrs Kelly used revoicing here to mediate between students’ “everyday talk” (p. 733) 
and the vertical discourse of mathematics. Revoicing student responses in this way 
strengthened the classification of mathematical discourse within Mrs Kelly’s 
pedagogy, making it more visible. It is important to note that Mrs Kelly rarely 
endorsed or challenged proposed methods. Instead, she encouraged other students to 
evaluate proposed methods, or for students to trial methods and evaluate them for 
themselves. In the excerpt below, students have trialled a number of methods to 
make the array described above and Mrs Kelly has gathered students together to 
evaluate various methods used. 
The children make a circle around all of the arrays. 
Mrs Kelly:   This group has discovered a route that only takes eight bottle-tops. 
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Have a look, and see what you think about it.  (Classroom 
observation, 22 August 2005, Episode 37). 
Following on from this episode, students were encouraged to evaluate not only 
students’ arrays, but their mathematical reasoning.  
Students began pointing at the array set up by one group, counting the bottle-tops in 
the route.  Some pointed and counted aloud. Some pointed as they counted mentally.  
Others counted the tops in the array rows. Several children said that something is 
wrong. 
Mrs Kelly:  Can anyone see a flaw in their reasoning?  
  (Classroom observation, 22 August 2005, Episode 38). 
After Mrs Kelly’s question, several children pointed out that two of the rows had lost 
a bottle-top, meaning that the rows were no longer regular. 
In relation to method selection, the pattern of interaction used in Mrs Kelly’s 
CoP departed from the conventional IRE format and was instead “Initiate-Respond-
Revoice-Evaluate” (Owens, 2005, p. 33) with control over the evaluation of methods 
shared with students rather than located solely with the teacher (Figure 6.10). This 
constituted a more invisible pedagogy with some visible elements.  
 
Figure 6.10. Pattern of interaction observed in Mrs Kelly’s CoP. 
Initiate 
Evaluate Respond 
TEACHER 
STUDENT 
Revoice 
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Mrs Kelly’s practice of requiring students to make their own decisions in relation to 
methods of problem solution and mathematical representation privileged personal 
agency in Mrs Kelly’s CoP.  In doing so, it fostered “dialogic” communication, 
marked by “give and take” in teacher-student interaction (Wertsch & Toma, 1995, p. 
166). The result of this was that authority in the CoP was distributed more evenly 
among participants rather than located mostly in the position of teacher.  
 The overt privileging of personal agency over disciplinary agency observed 
during method selection in Mrs Kelly’s CoP generated relations of power consistent 
with relational equity, in that power is shared among participants in the CoP rather 
than situated in the role of teacher. However, practice that negates disciplinary 
agency may stand in the way of students from backgrounds associated with low 
mathematical achievement developing identities of mathematical competence 
(Franke, Kazemi, & Battey, 2007). Students must have some knowledge of methods 
considered legitimate within the bounds of mathematical discourse and their 
appropriate applications before they can effectively exercise agency in method 
selection (Grootenboer & Jorgensen (Zevenbergen), 2009; Nunes, Bryant, & Watson, 
2009). That is, individuals must develop an awareness of, and respect for, the 
disciplinary agency of mathematics.  
 Respect for disciplinary agency must be grounded in knowledge of 
mathematical procedures and skills, the mathematical concepts that underpin them, 
and the relationship between these forms of knowledge (Cobb, et al., 2009). By 
neither endorsing nor challenging methods proposed during task introduction, Mrs 
Kelly presented the rules of the vertical discourse of mathematics as potentially 
ambiguous, diminishing the disciplinary agency of mathematics. One interpretation 
of this situation might be that Mrs Kelly’s practice was supportive of relational 
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equity, in that students shared authority over what constituted legitimate 
mathematical communication in the CoP, but that it was not necessarily supportive of 
the mathematics learning of students from backgrounds associated with low 
mathematical achievement. However, this introduces the question of what are 
legitimate rules for the evaluation of mathematical communication and whether or 
not promoting disciplinary agency is dependent on ensuring students learn ‘correct’ 
methods. So, while Mrs Kelly’s practice of encouraging student choice privileged 
individual and collective agency over disciplinary agency, she did reinforce 
disciplinary agency. From her point of view, though, “doing mathematics” meant 
becoming adept in following mathematical lines of inquiry – which she introduced 
during task introduction. She did not equate mathematical competence with learning 
standard procedures, or see value in mathematical competence as an end in itself, as 
is shown in this excerpt from an individual interview. Here, the interview engages 
Mrs Kelly in discussion about whether or not there is value in teaching students a 
mathematical procedure or skill independent of a real life context, including for 
pleasure. 
Researcher:   Just because maths is beautiful, the symmetry of it, for 
example.  
Mrs Kelly:  So pure mathematics?  
Researcher:  Well, “We love maths, in our room” you said. The fun of 
rhythmic counting… 
Mrs Kelly:  We love maths because we can see the relevance of it. 
Researcher: So for you, maths for maths sake is not a positive term.  
Mrs Kelly:  No, no. 
Researcher:  That’s derogatory almost? 
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Mrs Kelly:  Yes. (Individual Interview 4, 10 November 2005, Episodes 41 
and 42) 
An early suggestion here is that the form of disciplinary agency promoted in 
Mrs Kelly’s CoP was a flexible one, with the boundaries of mathematical discourse 
often presented as negotiable. However, Mrs Kelly did engage in some practices that 
provided clear direction in relation to features of mathematical discourse. This was 
demonstration and explanation, a practice that privileged disciplinary agency. When 
engaged in demonstration and explanation, Mrs Kelly provided students with 
information about mathematical concepts, procedures and skills that might assist 
them to engage with mathematical problems, questions and tasks. 
6.7 Demonstration and explanation 
In the snapshot lesson, Mrs Kelly engaged in demonstration and or explanation 
during seven episodes (24%) of the 29 occupied with task introduction (See Figure 
6.2). In this excerpt, for example, Mrs Kelly demonstrated a method that students 
might use to investigate a question, showing how to use balance scales and standard 
weights to calculate the mass of a number of found items.  
Mrs Kelly:   Let’s see…This is one (points to a 1kg packet of flour), two (points  
to the numeral “1” on the 1.2 kg packet of flour), three (points to 
packet of macaroni and packet of wheatgerm), plus 300 [grams] 
(points to tin of salmon) and another 200 [grams] (points to the “.2” 
on the packet of flour). This is (takes all weights off scale and puts 
on table)…one (lifts a 1kg weight and places on scale)…two (lifts 
another 1kg weight and stacks on top of first weight)…three (lifts a 
third 1kg weight and places it on the scale), plus 500 (places the 
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500g weight on stack).  (Classroom observation, 5 September 2005, 
Episode 11) 
On occasions such as the one above, Mrs Kelly initiated demonstration. However, 
she was frequently observed, both during the snapshot lesson and other lessons, 
using demonstration and explanation in response to students’ propositions. As 
explained previously (Section 6.6), Mrs Kelly frequently invited students to suggest 
methods that they might use to investigate a mathematical problem posed. She often 
revoiced student responses, “recontextualising” (Bernstein, 1990, p. 202) them so 
that they conformed to the vertical discourse of mathematics. This process of 
recontextualising student responses sometimes went further than revoicing, as Mrs 
Kelly aligned students’ practice as well as language with mathematical discourse by 
demonstrating or explaining practices associated with that discourse.  
 In the example below, from a lesson on mathematical patterning, Year 1 
students working in Mrs Kelly’s CoP were asked how many beads of each colour 
they would need to make a twelve-bead necklace of their own design. Students were 
then asked to make their pattern using Unifix blocks. Once students had been given 
time to mentally design their patterns and consider how many blocks of each colour 
they might need, the teacher then asked several students to describe their patterns. 
One student, James, responded thus:  
Mrs Kelly:  Who else can think of a pattern that you could put out there? 
James, what would you be thinking it might look like?  
James:   Um…red, orange, blue, green, red, orange, blue green, red, 
orange, blue, green. 
Mrs Kelly:   Ok. Do you know how many red, orange, blue, greens you’d 
have to put out if there’s twelve altogether? 
James:   Um, four. No, three. (Classroom observation, 18 October  
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2005, Episode 54) 
 
James was then asked to explain how he had worked out how many beads of each 
colour he would need. 
Mrs Kelly:   You’d put out three orange, blue, red, greens? How’d you work 
that out?  
James:   You put blue, red, orange green once. Then you do it another 
time, that’s eight. Then you go one more time, that’s twelve.  
Mrs Kelly:   Oh! Wow, James! He’s thought that out in his head before 
he’s actually even experimented!  So he’s said he would put 
out red, orange, blue, green.  He said “That’s four”, and he’d 
have to do that three times to make twelve altogether. 
(Classroom observation, 18 October 2005, Episode 59) 
In this episode, James acted as the group’s proxy as he modelled one way he might 
go about solving the problem. By voicing James’ mathematical reasoning, Mrs Kelly 
made his reasoning more visible and available to demonstrate mental calculation. 
This has the effect of reinforcing disciplinary agency, as Mrs Kelly outlined the type 
of thinking considered legitimate within the vertical discourse of mathematics.  
Pedagogy here is more strongly classified but less strongly framed. It is more 
strongly classified because what constitutes legitimate mathematical communication 
is made explicit. It is more weakly framed because by accepting and integrating 
James’ example into instruction, Mrs Kelly enabled students to participate in the 
selection of legitimate mathematical communication, thereby promoting individual 
agency and producing symmetrical social relations.  
 Following James’ input, another student (Hamish) indicated his intention to 
make a three-colour pattern, but had difficulty determining how many beads of each 
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colour he might need. In response, Mrs Kelly asked James, Hamish and another 
student to represent their patterns in the centre of the Sharing Circle. Hamish put a 
three-colour pattern out three times, making nine blocks altogether (Figure 6.11).   
         
 
Figure 6.11. Hamish’s three-colour pattern using unifix blocks. 
Mrs Kelly responded by moving to the centre of the circle and demonstrating how to 
use manipulative materials to model multiplication of Hamish’s proposed three-unit 
pattern until a total of 12 units was achieved.  
Mrs Kelly:  Oh, it only makes nine Hamish? We want twelve… …Hamish, 
can you put them out in that pattern, blue, yellow, black, and 
we’ll see if we can do something…  
Hamish: Oh, I’ve got something. I’ll just take away one colour.  
Mrs Kelly:  No, no…Hamish. Leave it there.  Everyone move back into  
the circle… …What’s the next part of your pattern? 
Hamish: Black, yellow and blue again? 
Mrs Kelly: How many did you bring down each time? How many have  
  you still got? 
Hamish:   I should take away one, and keep… 
Mrs Kelly: Hamish, can I just show you?   
Leave it where it is. Ok, everyone looking?  Hamish. You said 
there’s three (pulling down three blocks).  Black, yellow, blue 
again (pulling down another three blocks). 
Hamish:  Six. (Mrs Kelly pulls down another three blocks) 
Hamish:  Nine. 
Mrs Kelly: What three could I put there to make twelve? 
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Hamish:  Blue, yellow, black. 
Mrs Kelly : (handing Hamish the box of Unifix) Would you like to do it? 
 
(Classroom observation, 18 October 2005, Episodes 76-83) 
 
In these excerpts, Mrs Kelly is shown using Hamish as a proxy for the group. 
By using a proxy, Mrs Kelly avoided replicating the traditional teacher-dominated 
asymmetric pattern of interaction that typifies mathematics learning and teaching. In 
allowing him to articulate and test an erroneous hypothesis in the Sharing Circle, Mrs 
Kelly encouraged Hamish to exercise individual agency as he trialled his own 
solution to the problem at hand.  Hamish, as a representative of the group, 
demonstrated mathematical reasoning. In demonstrating the correct procedure, Mrs 
Kelly assisted Hamish to make connections between and adjustments to his own 
common-sense reasoning and the vertical discourse of mathematics, as made visible 
in the patterning exercise.  Rather than relinquishing control, Mrs Kelly retained 
authority to communicate important aspects of the vertical discourse of mathematics 
by showing Hamish where he was going wrong and supporting him to more 
effectively practise mathematical reasoning. In this way, she deferred to disciplinary 
agency, maintaining the strong classification of the vertical discourse of mathematics 
while simultaneously promoting the exercise of individual agency.  
 Mrs Kelly’s use of demonstration and explanation was one method by which 
she introduced visible elements into her generally invisible pedagogy and made it 
more accessible to students from backgrounds associated with low mathematical 
achievement. Another method that acted to make Mrs Kelly’s invisible pedagogy 
more accessible to these students was her practice of building a shared understanding 
of experience. 
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6.8 Building a shared understanding of experience 
At the beginning of almost every lesson observed in Mrs Kelly’s CoP, Mrs Kelly 
engaged students in discussion of experiences to which the day’s mathematical 
activity related. Mrs Roberts was not observed engaging in this practice and so does 
not appear in this section. Mrs Kelly engaged students in discussion of experiences 
immediately prior to the introduction of mathematical problems or tasks, during their 
introduction, or immediately after. On some occasions, the experiences referred to 
were those that students had shared at school. For example, when establishing game-
play as the real life context for practising the use of positional terms, Mrs Kelly 
referred the class to their earlier shared experience of playing hopscotch. 
Mrs Kelly:  So, we were down there playing hopscotch the other day, 
and now people have taken it up as something to do at 
lunchtime which is great.  And then we came up and we 
designed our own hopscotch , didn’t we? So today, were going 
to have a look at where some other games… (Classroom 
observation, 15 November 2005, Episodes 2 and 3) 
Researchers interested specifically in the early years of schooling contend that 
young students should be challenged to make sense of mathematics in problem 
situations that relate to their direct experience (e.g., Doig, et al., 2003; English, 2003; 
Greenes, Ginsburg, & Balfanz, 2004). However, links between mathematical activity 
and experience are not always straightforward. ‘Real life’ problems may rely on false 
assumptions about experience. Further, students may not perceive relationships 
between mathematical activity and experience (Ball, et al., 2005; Boaler, 2002; 
Lubienski, 2004). In the excerpts above, Mrs Kelly, asked students to recall 
experiences to which she later related mathematical inquiry. In doing so, she ensured 
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students shared an understanding of previous in-school experiences to which she 
would later relate mathematical activity.  
 Another method used by Mrs Kelly to develop a shared understanding of 
experience was to engage students in discussion about their out-of-school 
experiences. The excerpts below are taken from a lesson on volume that involved 
replicating events in a famous folk tale, and demonstrate how Mrs Kelly engaged 
students in discussion to build a shared understanding of experience, to which the 
day’s mathematical activity would be related. 
Mrs Kelly: …Before we have a look at the folk tale, I want you to think of 
how you felt when you were really thirsty.  (Classroom 
observation, 26 September 2005, Episode 4) 
After asking students to think about their own experiences of thirst, Mrs Kelly then 
asked individual students to describe their feelings to the group. 
Mrs Kelly : Can you tell us about [your experience], Claire?  (Classroom 
observation, 26 September 2005, Episode 4) 
Mrs Kelly not only asked individual students to share their experiences with the 
class, but gave all students an opportunity to describe their experiences of thirst. 
 Mrs Kelly: Ok, I can see quite a few hands up, so I’ll give you just one  
   minute to turn to someone near you and tell them your  
   experience.  
Students: (Each turned to another student nearby and began to discuss an  
occasion on which they were really thirsty. (Classroom observation, 
26 September 2005, Episode 7) 
As can be seen from these excerpts, Mrs Kelly engaged students in quite 
lengthy discussion of out-of-school experiences of potential relevance to the planned 
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mathematical inquiry. This was typical of Mrs Kelly’s practice (Figure 6.2) and 
assisted students to “evoke the imagery of situations described in problem 
statements” (McClain & Cobb, 1998, p. 60) prior to their investigation of those 
problems. Mrs Kelly’s practice of involving students in discussion of real life 
experiences addresses one of the problems that can impede the participation of 
students from backgrounds associated with low mathematical achievement. That is, a 
lack of familiarity with contexts that are assumed to represent real life (Jackson & 
Cobb, 2010). 
 In her CoP, Mrs Kelly did not assume a shared understanding of experience. 
Instead, she created such an understanding, often referring to activities, events and 
interactions that had occurred previously and that had a relationship to the day’s 
mathematics teaching and learning. Here, for example, Mrs Kelly drew on shared 
understandings developed through a ‘show and tell’ session on jewellery to introduce 
a discussion of symmetry. 
Mrs Kelly: I’m going to show you one of my necklaces that I wore last 
week…Paulo, was using some maths when he…I had this on last 
week, and Paulo came up to me and he said “Mr Kelly, that’s a 
lovely necklace, but it’s a shame it’s not symmetrical”…So, I 
could tell that Paulo had really taken it in when we were doing 
symmetry in our class.  (Classroom Observation, 18 October 2005, 
Episode 17 and 18) 
Mrs Kelly’s pedagogy here has some visible aspects, that is, the naming of the 
mathematical concept of symmetry. However, Mrs Kelly’s pedagogy here did not 
address the second issue that can impact on students’ mathematical participation in 
real life tasks. Namely that pedagogies with weaker classification, like the 
introduction of open-ended, real life tasks in Mrs Kelly’s CoP, can make it difficult 
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for students from backgrounds associated with low mathematical achievement to 
discern and engage with the mathematical features of the task (Ball, et al., 2005; 
Boaler, 2002; Kramarski & Mizrachi, 2004; Lubienski, 2004). In the excerpt above, 
Mrs Kelly introduced the term “symmetry” into a discussion of a necklace. However, 
she did not define or explain that concept. By not defining symmetry for students and 
ensuring that they shared an understanding the concept, Mrs Kelly left the rules for 
evaluating the vertical discourse of mathematics invisible. Students were told that 
there was a relationship between experience and mathematics, but not assisted to 
understand the basis of that relationship.  
 When the rules of mathematics (vertical discourse) are not articulated, 
students do not know the criteria against which their participation will be judged 
(Zevenbergen, et al., 2004). This leaves them in a position where they are unable to 
exercise disciplinary agency, and less likely to develop identities of mathematical 
competence or agency, even though they might develop an identity of inclusion. Mrs 
Kelly’s pedagogy during the introduction of mathematical tasks appeared to 
configure equitable social relations (relational equity) but may have impeded the 
access of students from backgrounds associated with low mathematical achievement 
to the vertical discourse of mathematics.  
6.9 Forms of agency privileged during the task introduction 
Analysis of the different approaches to task introduction in the CoPs gives the first 
indication of the forms of agency privileged in the CoPs. Mrs Kelly’s practice of 
introducing real life problems for investigation privileged human forms of agency. 
By foregrounding the problem or task, rather than the mathematics that students 
would need to use to solve it, Mrs Kelly signalled her expectation that students 
would make their own choices in respect to method. In doing so, she shared control 
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over the selection, pacing, sequencing, and evaluation of mathematical concepts, 
procedures and skills that would be used during the lesson. By sharing control in 
these ways, Mrs Kelly enacted pedagogy with relaxed, or weaker, framing 
(Bernstein, 2000). When pedagogy is more weakly framed, authority is distributed 
across the CoP rather than located strictly in the position of teacher (Bernstein, 
2000). Power relations are relatively symmetrical, with students afforded additional 
authority as experts on their own experience (Boaler & Staples, 2008).  Mrs Kelly 
also enacted invisible pedagogies, privileging personal agency and establishing 
symmetrical relations of power through her practices of encouraging student choice 
in respect to mathematical methods, and building a shared understanding of 
experience. During the introduction of mathematical tasks, only her practice of 
demonstration and explanation acted to reinforce disciplinary agency. 
 Alternatively, in Mrs Roberts’ CoP, disciplinary agency was privileged 
during the introduction of mathematical tasks. In her CoP, Mrs Roberts identified the 
mathematics that students would practice, signalling to students that they were to 
comply with standard methods as specified by her. In relation to disciplinary agency, 
students were expected to adopt an attitude of surrender. That is, they were expected 
to comply with the norms, principles, and routines considered legitimate within the 
vertical discourse. During the introduction of mathematical tasks, Mrs Roberts began 
to define what counted as competence in her classroom. That is, practice that 
conformed to the rules of the vertical discourse of mathematics, as discourse both 
strongly classified and strongly framed (Bernstein, 1996).  
The strong framing and classification of pedagogy in Mrs Roberts’ CoP, and 
consequent privileging of disciplinary agency, meant that developing an identity of 
competence within Mrs Roberts’ CoP required compliance with mathematical norms 
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that set the practice of mathematics apart from other forms of disciplinary practice 
and from real life experience. It also required students to conform to social norms 
that located authority to the position of teacher, as arbiter of the disciplinary agency 
of mathematics.  
 Analysis of task introduction as summarised above enables some early 
conclusions about mathematical identities being made available to students in the 
CoPs. By establishing social norms that privileged disciplinary agency, and making 
the criteria for success in her CoP highly visible, Mrs Roberts’ practice during the 
introduction of mathematical tasks can be seen to have made identities of 
mathematical competence available to students.  However, her practice here also 
appeared to set the basis for asymmetric social relations in the CoP, impeding student 
access to identities of agency and inclusion and potentially contributing to the 
construction and re-construction of disadvantage (Lerman & Zevenbergen, 2004; 
Swanson, 2005).  
In contrast, by privileging human agency, Mrs Kelly established symmetrical 
social relations and made identities of agency and inclusion available to students.  
Symmetrical power relations underpin relational equity (Boaler 2008), but do not 
necessarily make identities of mathematical competence available to students from 
backgrounds associated with low mathematical achievement. The introduction of 
visible elements into Mrs Kelly’s invisible pedagogies went some way to addressing 
this deficit and making identities of mathematical competence available to students.  
At Mirabelle School, students in Years 1 and 2 experienced mathematics 
learning and teaching in both Mrs Kelly’s and Mrs Roberts’ CoP. So, the forms of 
agency enabled in each CoP cannot be considered to have influenced students’ 
mathematical identities in isolation to their experiences in the other CoP. It is 
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important to consider all the forms of agency that students were encouraged and 
enabled to exercise as a result of their participation in both CoPs and consider how 
the cumulative effect of participation in both may have shaped their mathematical 
identities. 
By privileging different forms of agency in their CoPs, Mrs Kelly and Mrs 
Roberts CoPs engaged students in a “dance of agency” (Pickering, 2008, p. 17) 
during the introduction of mathematical tasks. This dance involves the interplay of 
individual (or human) and disciplinary (or material) agency, with personal or 
individual agency, meaning a personal “capacity to plan, implement and evaluate the 
attainment of a goal” (Brown & Redmond, 2008, p. 101). This metaphorical dance is 
one of the means by which students develop mathematical identities (Boaler, 2003).  
 Table 6.1 summarises practices observed during task introduction, patterns of 
interaction that emerged during those practices, the forms of pedagogy through 
which those patterns were established and the mathematical identities made available 
as a result. When Mrs Kelly and Mrs Roberts are considered as a teacher collective 
(Horn, 2008), practices enacted by them can be seen to have exposed all students to 
visible and invisible pedagogies, making available identities of competence, agency 
and inclusion. In subsequent chapters, I will explore further the cumulative effects of 
participation in Mrs Kelly and Mrs Roberts’ CoPs. 
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Table 6.1 
Practices, Patterns of Interaction and Pedagogies: Task Introduction 
 
CoP 
 
Practice 
 
Patterns of interaction 
 
Form of pedagogy 
 
 
Forms of 
agency 
 
Mathematical identities 
made available 
 
Mrs Kelly 
 
Introducing real life problems  
 
Open-ended questioning 
 
(More) invisible pedagogy 
with some visible elements 
 
Personal 
 
Identities of agency 
 
Mrs Roberts 
 
Identifying mathematics to be 
learned or practised 
 
Univocal communication 
Closed questioning 
 
(More) visible pedagogy 
 
Disciplinary 
 
Identities of competence 
 
Mrs Roberts 
 
Specifying mathematical 
methods 
 
Univocal communication 
Closed questioning 
 
(More) visible pedagogy 
 
Disciplinary 
 
Identities of competence 
Mrs Roberts 
and Mrs Kelly 
Demonstration and explanation Revoicing 
Univocal communication 
Individual as proxy 
(More) visible pedagogy Disciplinary Identities of competence 
Mrs Kelly Building a shared 
understanding of experience 
Open-ended questioning (More) invisible pedagogy 
with some visible elements 
Personal and 
Collective 
Identities of inclusion 
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Chapter 7: Task Completion 
In this chapter, I analyse the second of the events that occurred in the mathematical 
CoPs under investigation: Task completion. I examine practices enacted during task 
completion and the patterns of interaction that emerged as teachers and students 
engaged in those practices. My examination reveals additional information about the 
systems of mutual engagement (mutuality) that governed practice in the CoPs. Once 
again, my aim is to identify relationships between forms of pedagogy enacted in the 
CoPs and social relations produced. This will enable the formation of conclusions 
about mathematical identities made available to students through participation in 
both CoPs. These conclusions will explain how the mathematics education of 
students in Years 1 and 2 at Mirabelle School was supportive of equitable outcomes 
and relational equity. The chapter begins with an overview of the practices observed 
during task completion, after which each practice is examined in detail. Analysis of 
practices observed during task completion once again demonstrates qualitative 
differences in the ways in which Mrs Kelly and Mrs Roberts’ practices shaped 
student development of mathematical identities. The chapter concludes with a 
discussion of the cumulative effect of participation in task completion in both CoPs. 
7.1 Practices observed during task completion 
Once mathematical tasks had been presented to students in the CoPs, students were 
engaged in the completion of those tasks. Just as the nature of the mathematical tasks 
presented in the CoPs differed, so did the practices in which students were engaged 
as they worked towards task completion. The most prominent practice observed in 
Mrs Kelly’s CoP during task completion was the investigation of mathematical 
problems. Of the 19 mathematics lessons observed in the Mrs Kelly’s CoP, 8 (42%) 
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of those lessons involved investigation (see Appendix 6). Of those 8 lessons, four 
(50%) involved investigations conducted by small groups. Another four lessons 
involved students working co-operatively with one other student or a group of 
students to complete a recording or other form of mathematical tasks Overall then, 
12 of the 19 (63%) mathematics lessons observed involved group interaction 
oriented towards the solution of mathematical problems or completion of 
mathematical tasks. Mrs Kelly’s use of groupwork, in particular her practice of 
involving students in group investigation is of special interest, as there is little 
research available documenting attempts to engage young students in collaborative 
mathematical inquiry (Anderson et al., 2008).  
 The snapshot lesson conducted in Mrs Kelly’s CoP was one of the lessons 
observed that involved small group investigation. In fact, group investigation 
dominated task completion during that lesson. Of 21 episodes in the snapshot lesson 
occupied with task completion, students were engaged in group investigation during 
15 of those episodes (71%). Students were observed collecting data, trialling 
multiple strategies, communicating with others about strategies, and evaluating 
outcomes, which are features of the practice of investigation as defined by Diezmann 
and Watters (2004). Mrs Kelly engaged in demonstration and explanation during 
five episodes and on one occasion required a student to justify or explain his 
reasoning. 
 In Mrs Roberts’ CoP, where lessons usually began with the specification of a 
mathematical procedure or skill to be practised, the most prominent practice during 
task completion was the ongoing specification of methods by the teacher. Eighteen 
mathematics lessons were observed in Mrs Roberts’ CoP. The ongoing specification 
of methods was prominent during task completion in all of those lessons (100%). In 
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the snapshot lesson, Mrs Roberts made further specifications in respect to 
mathematical method in six of the 15 episodes recorded during task completion 
(40%). Mrs Roberts also evaluated student performance in five episodes (33%). 
Students were independently engaged in completion of tasks allocated in four 
episodes (27%). Practices in which Mrs Roberts and Mrs Kelly engaged during task 
completion during the snapshot lesson are represented in Figure 7.1. 
 
Figure 7.1. Practices observed during task completion: Snapshot lesson. 
 
Comparing the practices enacted by teachers in the two CoPs, it is evident that 
the practices in which teachers and students in Mrs Kelly and Mrs Roberts’ CoPs 
engaged during task completion were markedly different. I now analyse the practices 
prominent in each CoP to further illuminate qualitative differences between practice 
in the CoPs and the effects of these differences on mathematical identities made 
available in the CoPs. 
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7.2 Group investigation of mathematical problems 
As explained in the introduction to the chapter, group investigation of mathematical 
problems was a feature of Mrs Kelly’s practice and dominated the snapshot lesson. 
In the excerpt below, Mrs Kelly described one perceived benefit of group 
investigation. 
Student:   Are we doing this with a partner? 
Mrs Kelly:   (shakes her head) You’re going to do this in a group.  Because, if 
you put a few heads together, you get a few different ideas, 
instead of just one.  (Classroom observation, 8 September 2005, 
Episodes 22 to 24) 
Placing students in a group to investigate mathematical problems may result in the 
accumulation of a number of mathematical ideas, as Mrs Kelly suggests, but it does 
not guarantee either equitable outcomes or relational equity (Hunter, 2007).   
Groupwork is not naturally associated with collaboration (Gillies & Khan, 
2008). However, collaboration must occur if mathematical inquiry is to advance and 
enable relational equity (Solomon, 2008). To be collaborative, groupwork must 
move beyond the “cumulative talk” (Mercer, 1996, p. 369) that occurs when 
participants contribute a range of ideas to a joint investigation, without engaging 
critically with one another’s contributions. Instead, students should engage in 
“exploratory talk” (Mercer, 1996, p. 369), where they “engage critically but 
constructively with each other’s ideas”. When students engage in collaboration 
marked by exploratory talk they are functioning interdependently, leading to shared 
understandings that are, in effect, collective resources (Mercer & Littleton, 2007; 
Moate, 2010). Drawing on these resources enables the exercise of a form of agency 
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other than disciplinary or individual agency: collective agency (Hernandez & 
Iyengar, 2001). 
Students in Mrs Kelly’s CoP were observed engaged in both cumulative and 
collaborative interaction while working together towards the solution of 
mathematical problems. In the excerpt below for example, members of one small 
group engaged in cumulative talk as they located items equivalent in mass to a 
particular species of frog (3.2kg).  
Mrs Kelly:   Now you’ve got to find something that’s the same  
weight.  One object. See if you can find one object, first of all, 
instead of finding a whole pile of things. 
Anton: (Took a hole punch from the collage trolley at the front of the 
room, and moved it up and down in his hand). 
Anton:   They look that heavy, but they’re not really. 
Roley:   Mrs Kelly, can we try one of those paint bottles?  
Mrs Kelly: (Nodded) 
Roley:  (Went to a shelf and took down a paint bottle, then  
 returned to the desk, where other group members had removed 
grocery items previously stacked on the scales. He placed the 
paint bottle on the side of the scale opposite the weights. It was 
too light to balance the scales). Hmm….not enough. 
(Classroom observation, 8 September 2005, Episodes 22 to 24) 
In this episode, interaction was cumulative: co-operative but not collaborative. The 
“evaluative talk” (Lotan, 2007, p. 197) that occurred was initiated by the same 
student who had proposed a particular item. Students did not engage constructively 
and critically with one another’s ideas, so the talk was not exploratory (Mercer & 
Wegerif, 1999). Later in the same lesson (the snapshot lesson), a different group of 
 226  Chapter 7: Task Completion 
students also engaged in cumulative talk as they placed their representation of a 
timeline on some desks. 
Michael:  (Placed the timeline down across several desks) 
 It’s nearly three. 
Alan:   It’s half of my desk. 
Claire:   We’ve got a pretty long thing here. (Classroom observation, 8 
September 2005, Episode 28) 
Here, students each communicated their own method of understanding the length of 
the timeline, but none evaluated the contributions of another. In both of these 
examples, the pedagogy enacted by Mrs Kelly was invisible, with relatively relaxed 
framing. Classification was weaker as students’ practices were not inspected or 
compared to the vertical discourse of mathematics. Students exercised personal 
agency as they directed inquiry themselves (Solomon, 2009). However, the teacher 
was not present to scaffold the mathematical reflection of students. It is important to 
note, however, that it was Mrs Kelly’s general practice to look at students’ methods 
later in class discussion. So, it is not that disciplinary agency was not allocated value 
in the CoP, but that it was not necessarily privileged during investigation. The 
cumulative talk that occurred in these few episodes was unlikely to advance 
mathematical understanding. It may, however, have contributed to making identities 
of agency available to students. The availability of identities of agency is dependent 
on the establishment of symmetrical social relations:  authority over key aspects of 
mathematical communication must be shared. When symmetrical social relations are 
established, and mathematical identities of agency are made available, relational 
equity is enabled. 
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Both of the examples of cumulative interaction provided occurred very early 
during the period allocated to group investigation. As groups had been engaged in 
investigation for a little longer, a different pattern of interaction emerged. The 
excerpt below, also taken from the snapshot lesson, describes interaction that 
occurred in a group seeking to calculate how far a certain species of frog might be 
able to jump. Information had been provided stating that the frog was 4cm long and 
could jump 20 times its own length. The method selected to work out this problem 
involved cutting pieces of paper, each 4 cm in length, then pasting 20 of them in a 
line and measuring the final length of the line produced. As investigation proceeded, 
one member of the group (Fiona) disputed the validity of the method used to work 
out the problem, noting that the lengths of the pieces of paper produced were one 
centimetre too long. 
Courtney:   (to Mrs Kelly) Fiona’s saying that they’re only supposed to 
be 4 centimetres and they aren’t…  (Classroom observation, 
8 September 2005, Episode 15) 
Courtney then evaluated the accuracy of the group’s working out and Fiona 
suggested a way to compensate for the error by using fewer pieces of paper:  
 Courtney: Oh, that’s only 1 centimetre wrong. 
 Teacher:  Except there’s twenty of them! 
Fiona:   Oh, then you only need ten of them because they’re all 1 centimetre 
too big. (Classroom observation, 8 September 2005, Episodes 15-
17) 
Fiona then went on to blame Mrs Kelly for the error, claiming that she must have 
incorrectly measured the piece of paper being used as a standard unit of 
measurement. 
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Fiona: It’s your fault, because you cut one and we copied it. 
Mrs Kelly:   Perhaps you didn’t copy it properly…and you solved that 
problem by realising that you only needed…See if you can get 
that down, that you solved your own problem. (Classroom 
observation, 8 September 2005, Episode 17) 
 
Fiona:  They were all 4cm, but they were 5cm. 
Courtney:  We wrote down that they were 5cm instead of 4cm. 
Fiona:  It’s meant to be 4cm. 
Mrs Kelly:  If they had been 4, right, you would have had (Mrs Kelly 
writes on the easel paper) “20 lots of 4 cm) Now, without 
measuring it with a ruler… 
Paulo:   I know! I used a ship’s navigator (holds up compass made with 
paddlepop sticks) 
Fiona:   Yes, but they might have moved, and I saw they did. 
(Classroom observation, 8 September 2005, Episode 18-19) 
In these episodes, students raised issues that were troubling them in respect of 
their problem solution method – first with each other, then with the teacher. 
Communities of Practice where students are able to raise and negotiate troubling 
issues are considered progressive (Wenger, 2003). By progressive, I mean that they 
enable students to engage in the production as well as reproduction of mathematical 
knowledge and also that they are supportive of relational equity.  Raising troubling 
issues is considered progressive because it is an expression of personal agency. In 
the episodes described, students tried out ideas, heard how they sounded and saw 
what others – including the teacher – thought of them: practices associated with 
exploratory talk (Mercer & Dawes, 2008). Students demonstrated personal agency, 
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especially Fiona, who challenged the teacher on the basis that materials provided to 
help work out the problem might have contributed to delivering an incorrect result.  
 This interaction reveals that students involved in investigation were not 
passive. Their actions evidenced a sense of ownership and control over the selection, 
sequencing, and evaluation of mathematical methods. This sense of ownership and 
control was explicitly encouraged by the teacher. For example, in the episode below, 
Mrs Kelly tells students that they are responsible for evaluating the legitimacy of 
their own mathematical communication. 
 Fiona:    We need to take ten off. Mrs Kelly, do you want us to take 
   ten off? 
Mrs Kelly:   I want you to decide.  (Classroom observation, 8 September 2005, 
Episodes 15-17) 
As well as supporting relational equity, genuine collaboration like that recounted 
above can promote equitable outcomes. In Mercer and Littleton’s (2007) study, 
students who engaged in exploratory talk achieved better outcomes on tests of 
mathematical achievement. This can be explained by the positive association of 
exploratory talk with both collective problem-solving and mathematical reasoning 
(Mercer & Littleton, 2007; Mercer & Wegerif, 1999; Rojas-Drummond & Mercer, 
2003). 
 In the excerpts of practice presented above, students engaged in exploratory 
talk as they assessed the validity of one another’s methods and solutions. The 
teacher’s actions supported this exploratory talk, encouraging students to work 
together to address emergent difficulties. However, she did not align practice with 
the vertical discourse of mathematics. Again, the form of pedagogy was more 
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invisible (Bernstein, 2000), with relatively relaxed framing. The more relaxed 
framing invited students to exercise personal agency.  
The research design provided limited opportunities to explore the degree to 
which students took up various mathematical identities. However, in the excerpts 
above, students can be seen exercising agency. For example, Fiona exercised 
personal agency when she (incorrectly) asserted that she knew what to do to correct 
the group’s error (“Take ten off”). There is also some indication that students were 
developing collective agency as they worked towards an agreed method of solving 
the problem at hand. Fiona, for example, referred to “we” when describing both the 
act of copying the example given as well as the proposed method of compensation. 
The classification of mathematical discourse during this episode was weaker, with 
Mrs Kelly making only one comment to guide students’ inspection of the 
mathematical validity of their method.  
 The potential for group investigation to be associated with low levels of 
teacher guidance, as occurred above, can make it a pedagogy that impedes rather 
than enables students’ perception of mathematics’ disciplinary boundaries 
(Lubienski, 2004). This means that identities of mathematical competence may not 
have been readily available to all students during the investigation described. 
Students were encouraged, though, to make independent choices in respect to 
method, they were encouraged to view themselves as agentic in processes of 
mathematical decision-making. The mathematical identity made available was one 
of agency, but there was another form of identity available as well. This is an 
identity of inclusion, as students were encouraged to see themselves as active 
participants in mathematical meaning-making (Solomon, 2009). When students 
develop, or take up, an identity of inclusion they view mathematics as relevant to 
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their own lives. This enables increased participation and ultimately promotes 
equitable outcomes (Solomon, 2009).  
 Exploratory talk, like that described above, was a prominent pattern of 
interaction in Mrs Kelly’s CoP. In the snapshot lesson, students engaged in 
exploratory talk during 6 of the 20 episodes occupied with task completion (30%). 
Students engaged in cumulative talk for another four episodes (25%), with open-
ended questioning, revoicing and closed questioning observed in three (15%), two 
(10%) and one (5%) episodes respectively. The relative distribution of various 
patterns of interaction during task completion in the snapshot lesson is represented in 
Figure 7.2.  
  
Figure 7.2. Interaction during task completion in Mrs Kelly’s CoP (Snapshot). 
 
Exploratory talk was observed during most lessons observed in Mrs Kelly’s CoP. 
For example, during another lesson, on Number and Chance/Data, seven (39%) of  
18 episodes recorded during task completion involved exploratory talk (Figure 7.3). 
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Figure 7.3. Interaction during task completion in Number lesson (Mrs Kelly). 
Exploratory talk like that observed in Mrs Kelly’s CoP is supportive of both 
equitable outcomes and relational equity, provided identities of mathematical 
competence, agency and inclusion are made available to students. However, it is 
known that exploratory talk is unlikely to occur if teachers do not take specific 
actions to promote it (Cengiz, Kline, & Grant, 2011). In order to benefit from peer 
interaction while engaged in groupwork, students must be explicitly taught  “dialogic 
strategies” for thinking collectively (Rojas-Drummond & Mercer, 2003, p. 99). 
Mrs Kelly actively taught dialogic strategies associated with exploratory talk. 
Her promotion of dialogic strategies was grounded in her identification as a 
proponent of the Philosophy for Children approach (Lipman, 1988, 2003).  
Consistent with this approach, Mrs Kelly considered her classroom a “Community of 
Inquiry” (Gillies, Nichols, Burgh, & Haynes, 2012, p. 95), where students were 
taught explicitly how to engage in thinking grounded in dialogue and collaborative 
activity. Practices enacted by Mrs Kelly that involved the explicit teaching of 
dialogic strategies are analysed in detail in Chapter 8. They are briefly described 
here because of their influence on students’ participation during task completion. 
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 Much of Mrs Kelly’s explicit teaching of dialogic strategies occurred in the 
context of philosophical discussions, where exploratory talk was actively 
encouraged. Specifically, students were encouraged to consider whether or not their 
comments or questions built upon those of others to “search further”. For students, 
this type of talk was named “helpful talk” or “respond[ing] to what others had said”, 
as shown in the chart depicted below (Figure 7.4). This chart was displayed in Mrs 
Kelly’s CoP, where it was used as a referent during philosophy lessons. Mrs Kelly 
also referred to the chart during other learning events where collaboration and 
“helpful talk” was valued – including during the investigation of mathematical 
problems. Mrs Kelly’s use of the chart is demonstrated in the episode that follows, 
taken from a philosophy lesson conducted during the afternoon of the same day 
students engaged in their mathematical investigations of frog problems.  
Mrs Kelly:   We’re aiming for six stars today in our Community of Inquiry. 
We’ll be asking “How well were we reasoning?” 
 Ok. Then we’re asking “Were we listening?”   
“Did we search further?”  “How well were we thinking?”  
“Did we respect each other”  … And the last one “Were we 
self-correcting?” (Classroom observation: Philosophy, 8 
September 2005, Episode 1) 
In the excerpt above, Mrs Kelly made explicit the type of conduct that would 
be considered legitimate during philosophy lessons and how that conduct would be 
evaluated. Mrs Kelly also asked students to reflect on and evaluate their own 
conduct. The criteria described a number of practices consistent with exploratory 
talk (Mercer, 2006). Pedagogy here is more visible, quite different from that usually 
enacted by Mrs Kelly during mathematics lessons. Mrs Kelly rarely made the 
 234  Chapter 7: Task Completion 
contents of the vertical discourse of mathematics explicit. However, in philosophy, 
she made the rules governing participation in discussion explicit. In teaching 
dialogic strategies, she worked to establish norms that she considered would scaffold 
productive thinking.  
Community of Inquiry 
* How well were we reasoning? 
-Did we give good reasons? 
-Did we give counter-evidence examples? 
* Were we listening? 
-Did we avoid side conversations? 
-Did we respond to what others had said? 
* Did we search further? 
-Did we understand things better? 
-Was it helpful talk? 
* How well were we thinking? 
-Expressing our ideas well 
-Giving analogies 
* Did we respect each other? 
-Listen closely. 
-Take each other’s ideas seriously. 
-Be considerate. 
-Be sensitive to others’ feelings. 
Were we self-correcting? 
-Changing our minds 
Figure 7.4. Chart to guide philosophical inquiry. 
 
  In Mrs Kelly’s CoP, certain dialogic strategies taught in philosophy 
appeared to have ‘crossed over’ to the mathematics classroom. For example, students 
appeared comfortable expressing disagreement, as was evident during the episodes 
describing group investigation of a measurement. Students also appeared 
accustomed to explaining and justifying their reasoning and did so in response to 
Mrs Kelly’s many requests for reasons. In the excerpt below, a student explains the 
reasoning behind her contention that she had produced a symmetrical representation 
of a bat. 
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Mrs Kelly:    And what did you do to make sure it was symmetrical? 
Claire:    First I counted how many squares I did for the first wing and 
how many for the second. (Classroom observation, 15 August 
2005, Episode 8) 
By requiring Claire to explain her reasoning here, Mrs Kelly reinforced the 
disciplinary agency of mathematics while enabling Claire to exercise individual 
agency. She also further validated the application of the strategy of explaining or 
justifying reasoning, as applied during philosophy, to mathematical discussion. 
 The application of dialogic strategies taught in the context of philosophical 
discussions to mathematical inquiry has been described elsewhere (Anthony & 
Hunter, 2010; Doig, 2009; Hunter, 2008; Kennedy, 2008). The CoPs formed when 
this occurs are named “Communities of Mathematical Inquiry”, or CoMI (Kennedy, 
2008, p. 71). Advocates of developing mathematics classrooms as CoMI consider 
the teaching of dialogic strategies to be supportive of both equitable outcomes and 
relational equity. An area that can greatly benefit from this approach is group 
investigation, as was evidenced in Mrs Kelly’s CoP. Group investigation is 
sometimes often considered an invisible pedagogy (Fong, 2006), with potential to 
marginalise students in a number of ways. When pedagogy is invisible, students 
whose backgrounds are marked by communicative codes that differ from those of 
the school are likely to experience difficulty participating in mathematical discourse 
(Zevenbergen, 2004; Zevenbergen & Lerman, 2001). By explicitly teaching dialogic 
strategies, Mrs Kelly added visible elements to her pedagogy, making the rules 
governing mathematical communication during group investigation clear to students. 
By making the rules of communication explicit, Mrs Kelly increased the likelihood 
that students from backgrounds associated with low mathematical achievement 
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would be able to engage in exploratory talk during groupwork, thereby providing 
students with opportunities to achieve equitable outcomes. 
 Making the rules of communication explicit can assist students to engage 
productively in mathematical discourse but it does not mean that relations of power 
that emerge during groupwork will reflect relational equity. During groupwork, 
students who are seen by others as more or less competent are likely to be allocated 
social roles of varying status (Barnes, 2005; Hunter, 2007; Irwin & Woodward, 
2006). Mrs Kelly avoided this possibility by clearly articulating her expectation that 
students would treat one another with respect and assume responsibility for one 
another’s learning. For example, in the episode below, Mrs Kelly reminded students 
of her expectation that all students must be encouraged and enabled to participate 
during groupwork. Prior to this episode, Mrs Kelly asked each small group to set up 
“six rows of four” so that they could investigate a mathematical question. One 
student, Roley, attempted to allocate roles to individuals in the group, but Paulo 
began to make an array in his own way. 
Roley:   We’ll put them out (indicating two boys to his left), and you 
(indicating two boys to his right) can try and work it out. 
Paulo:  (Started counting out bottle-tops and arranging them into an 
array. Other boys in the group began to protest that Paulo was 
not listening, and that it was not his job to set up the array. 
Paulo continued putting out bottle-tops. Others in his group 
protested more loudly and Mrs Kelly came over to the group). 
Mrs Kelly:   We’re working as a group here.  You need to let each 
person be involved. (Classroom observation, 22 August 2005, 
Episodes 26-28) 
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There was some evidence that students in Mrs Kelly’s CoP had formed a 
reciprocal understanding of the expectation that they treat one another with respect. 
For example, students in the excerpt above had an expectation that they would all be 
able to contribute to the investigation of problems and be listened to by others. When 
this did not occur, they became quite agitated, as shown below. 
Paulo:    Right then, I’ll put them all back. 
Namaliu:    Paulo doesn’t understand. 
Francis:   Paulo hates learning. 
Roley:   It’s not fair, is it?  
Mrs Kelly:   So, you’re trying to make sure that everyone is involved? 
(to Paulo) so, what was your reasoning in putting them all 
back? 
Paulo:    They weren’t listening to me.  
Mrs Kelly:   How could you involve more people in the setting up of 
the rows?(Classroom observation, 22 August 2005, Episodes 
29-31) 
In these episodes, Mrs Kelly stated and re-stated her expectation that all students 
should be involved in the investigation of mathematical problems. In giving a reason 
for acting independently of the group, Paulo referred to another of the expectations 
guiding social conduct in the CoP, that students must listen respectfully to one 
another. This is another example of Mrs Kelly introducing visible elements into her 
pedagogy by making the criteria for legitimate social conduct explicit for students. 
Adding visible elements is known to make invisible pedagogies more accessible to 
students from backgrounds associated with low mathematical achievement (Bourne, 
2004). So, Mrs Kelly’s practice of making explicit the criteria for social participation 
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may have contributed to the success experienced by students from these backgrounds 
at Mirabelle School. 
7.3 Individual task completion 
While Mrs Kelly favoured groupwork during task completion, in Mrs Roberts’ CoP, 
mathematical tasks were usually completed individually. During the 18 mathematics 
lessons observed in Mrs Roberts’ CoP, students worked independently toward task 
completion in 13 (72%) of those lessons. Students worked in pairs or groups in 
another five lessons (28%), but none of the episodes of groupwork observed could 
be considered collaborative.  Even when students were directed to work in pairs, as 
in the snapshot lesson, the nature of the task at hand did not require those students to 
work collaboratively.  
Mrs Roberts:  You’re going to work today with a partner.  You’re going 
to measure around your head… … Then, you’re going to 
measure from your shoulder to your fingertips. (Classroom 
observation, 30 August 2005, Episodes 2 and 3) 
Here, despite informing students that they were to work in pairs, the focus of 
instruction was on outlining the mathematical practices in which individual students 
were to engage. The reason for working in pairs in this lesson appeared to be 
practical; it is easier to measure someone else than yourself. Students were required 
to comply with instructions rather than engage in joint investigation and no guidance 
was given in relation to collaboration. The only reference made by the teacher in 
relation to the function of the student pairing was to remind students that they were 
to “help” each other, by which Mrs Roberts seemed to mean to check that their 
partners had also complied with instructions. Mrs Roberts’ pedagogy here is more 
visible. What is different about the way in which groupwork occurred in the CoPs 
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was that Mrs Roberts usually specified, in some detail, exactly how tasks were to be 
completed. There was little reason for collaboration as Mrs Roberts’ expectation was 
that students complete tasks as instructed. Students were expected to complete tasks 
using methods described by the teacher. Criteria for participation in Mrs Kelly’s CoP 
included criteria related to reasoning and communication, criteria for procedural 
fluency were not generally established at the outset. 
Mrs Roberts:  (Walked to where Francis and Estelle were working)  
  How’d you go? Have you got it? 
(To Francis) Now you’ve got to help her. (Classroom 
observation, 30 August 2005, Episode 17) 
Here, when evaluating students’ mathematical practices, Mrs Roberts focused on 
individuals’ compliance with instructions. “You” referred to an individual rather 
than a partnership or group.  While students were told to help one another, this did 
not equate to collaboration.  No exploratory talk occurred among the pairs observed 
completing the mathematical tasks given, and students each took their completed 
work to Mrs Roberts for individual evaluation. Mrs Roberts’ emphasis on 
compliance had two effects. First, authority over the selection, sequencing, pacing 
and evaluation of mathematical communication was assumed by the teacher. 
Pedagogy was more tightly framed, setting up asymmetric social relations. Second, 
by evaluating individual performance rather than the performance of pairs, Mrs 
Roberts communicated an expectation that students would draw on individual 
resources and produce individual products as a result of their participation in the 
CoP. Restricting the allocation of value to individual resources and products is not 
supportive of relational equity. 
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 The focus on individual performance in Mrs Roberts’ CoP was also evident 
in the teacher’s use of questioning. Questions were almost always directed to 
individuals rather than groups, even when students had been instructed to work with 
other students – as in the case of the snapshot lesson. Legitimate participation was 
associated with individual performance in respect to both understanding of 
mathematical concepts and completing mathematical procedures, as shown by the 
following excerpt from the snapshot lesson. 
Mrs Roberts:   (Walked over to Fergus, who was writing on his 
paper strip) How many? 
Fergus:    61. 
Mrs Roberts:  You’re doing really good measuring today, 
Fergus. (Classroom observation, 30 August 2005, 
Episode 29) 
The focus on individual performance evident here limited the degree to which 
students were engaged in “sustained shared thinking”, which Siraj-Blatchford and 
Sylva (2004, p. 719) identified as a feature of effective early years education 
programs. It also acted to ensure that the majority of communication in respect to 
practice within the CoP occurred between individual students and the teacher. The 
teacher (Mrs Roberts) was positioned as the person with authority to evaluate the 
legitimacy of practice.  
Mrs Roberts’ tendency to evaluate participation in terms of individual 
performance as observed in this lesson may have been associated with the view 
taken by some students that receiving help lowered the value of their participation. 
In the excerpt below, Fiona played down the degree to which the teacher helped her 
complete the task. 
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Mrs Roberts:  So, I think we had a bit of creative measuring going on. 
Fiona:    I didn’t have any creative measuring. 
Mrs Roberts:   ‘Cause I think I helped you and Peter though, didn’t I. 
Fiona:    Little bit. (Classroom observation, 30 August 2005, Episode 
39) 
This excerpt suggests that Fiona understood herself to be solely accountable for her 
learning, with one criterion against which she considers herself to be evaluated being 
her ability to act independently. Interdependence, from her point-of-view, was not 
valued or expected.  The form of agency privileged by the teacher was disciplinary. 
Students were not encouraged to exercise personal or collective agency, meaning 
that the mathematical identity made available was one of competence, with identities 
of agency and inclusion not associated with legitimate participation in Mrs Roberts’ 
CoP. Nevertheless, Fiona asserted her own personal agency, stating that she operated 
independent of the teacher’s guidance but still submitting to the confines of the 
discipline and not engaging in any “creative” interpretation of mathematical 
principles. 
 Another occasion on which I observed a student exercise personal agency 
during task completion involved a student making a connection between 
mathematical learning in Mrs Kelly’s CoP and the allocated task in Mrs Roberts’ 
CoP. While observing a lesson on Space, Max made multiple attempts to bring his 
own knowledge to bear on a class discussion. 
Mrs Roberts:  I could make another shape that was like that. [Mrs Roberts 
draws a shape with three sides that doesn’t close] and it’s 
open isn’t it? So, to finish it I would have to put another side, 
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wouldn’t I? [Mrs Roberts draws another side to make it 
close]. 
Paulo:   It looks like a diamond. 
Mrs Roberts:  It looks like a diamond doesn’t it. Well, it’s a four-sided 
figure, yes. [Max raises his hand and waves it around]. 
Max:   I know something about that. 
Mrs Roberts:  [Ignores Max] All of our two-dimensional figures we’ve been 
talking about have been closed figures haven’t they? [Mrs 
Roberts erases the two open shapes]. Ok, now, what about 
this one? [Mrs Roberts draws a semi-circle shape on the 
chalkboard]. 
Students:   A semi-circle. 
Mrs Roberts: ...I wonder why I’m not listening Max. (Classroom 
observation, 24 August 2005, Episode 59-60) 
Despite Max’s obvious enthusiasm, Mrs Roberts did not ask Max to describe his 
prior knowledge of the shape shown, questioning a number of other children rather 
than explore Max’s knowledge of the shape. Max, however, did not give up. 
[Max raises his hand again]. 
Mrs Roberts: What’s your problem, Max? 
Max:  There’s another shape. I don’t know what it’s called. But it has 
four sides. It looks like this. [Max draws a shape in the air]. 
Mrs Roberts: How many sides has it got?  
[Max continues to draw the shape in the air]. 
Max:  It’s like this. 
Student:  That looks like a square. 
Max:  It’s not a square. 
Mrs Roberts: What does it look like? Draw it on the board for me. 
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 [Max stands and draws a shape on the chalkboard with four 
sides]. 
Student:  That looks like a square. 
Max:  It’s not a square [He tries to draw the shape again].  
[Mrs Roberts erases his attempts and draws a rectangular shape on the 
chalkboard that is on an angle].  
Max:   It’s like that, just a bit longer. 
Student:   It looks like a diamond. 
Mrs Roberts:  How many sides has it got? 
Max:   It’s not a diamond. 
Mrs Roberts:  It’s not a diamond. So we could call it a rectangle couldn’t 
we? It’s a four-sided shape so we could still call it that. It 
would be getting into, when you get into high school you 
learn about these things and they’re called different names. 
Max:   Oh, that’s it! [Max draws on the chalkboard again. He draws 
a trapezoid shape. 
Ruby:   That’s a trapezoid. (Classroom observation, 24 August 2005, 
Episode 59-60) 
This exchange is of particular interest because the shape to which Max referred, the 
trapezoid, had been discussed during a lesson I had observed the previous week in 
Mrs Kelly’s CoP. Here, Max exercises personal agency, seeking to exercise control 
over mathematical communication by introducing the knowledge gained during his 
experiences in Mrs Kelly’s CoP into discussion in Mrs Roberts’ CoP. This 
interaction was one of several I observed where Max demonstrated that he was 
making connections between experiences in Mrs Kelly’s CoP and those in Mrs 
Roberts’ CoP. For example, later in the same lesson on tangrams, Max was 
completing a page in a textbook – a task that never occurred in Mrs Kelly’s CoP. As 
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he worked on this task, he recalled mathematical knowledge explored in Mrs Kelly’s 
CoP and apply it to the current task. 
Researcher:  [The researcher points to the image at the bottom of the page].  
That’s interesting. What’s that? 
Max:   This is a 5 piece tangram. [Max points to a trapezoid shape in 
the tangram] 
Reearcher:  What does that remind you of? 
Max:  That reminded me of in my room when I was making mine. 
This was the shape I was going to show them. (Classroom 
observation, 24 August 2005, Episode 74-75) 
After this lesson, I asked Mrs Roberts whether or not she and Mrs Kelly had planned 
to both do lessons on tangrams during that week. Mrs Roberts said that they had not 
and that they did not plan together. The discussion of tangrams and trapezoids in the 
two CoPs during the same week was a coincidence rather than a planned opportunity 
for learning. This led to an early conclusion. Mrs Kelly was often observed 
encouraging students to exercise personal and collective agency, while Mrs Roberts 
rarely did, instead deferring to disciplinary agency. Nevertheless, students in Mrs 
Roberts’ CoP were observed exercising personal agency. Even though the teachers 
had not capitalised on the opportunity to support students’ transfer of learning 
between settings, students themselves appeared to assume identity positions nurtured 
in Mrs Kelly’s CoP as they participated in Mrs Roberts’ CoP. The current research 
design did not allow for a more comprehensive analysis of students’ take up of 
various mathematical identities made available in the CoPs, but these few excerpts 
provide a glimpse of how participation in the two CoPs may have had a cumulative 
effect on students’ mathematical identity development. 
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 As mentioned above, Mrs Roberts’ tended to privilege disciplinary agency 
over other forms in her CoP. Further evidence of this is provided by description of 
another of her practices: the ongoing specification of methods. 
7.4 Ongoing specification of methods 
In Chapter 6, I identified the specification of methods as a prominent practice 
enacted by Mrs Roberts during task introduction, describing it as a practice through 
which Mrs Roberts privileged disciplinary agency in the CoP (Section 6.5). Mrs 
Roberts’ specification of mathematical methods continued after students had been 
presented with mathematical tasks. During the snapshot lesson, for example, as 
students completed the task of placing paper strips around their heads and cutting 
them to size, Mrs Roberts directed students to measure the strips in a particular way. 
Mrs Roberts:   Now, what I want you to do is go now and get a metre ruler 
and measure how many centimetres each of these pieces of 
paper is and write on it how many centimetres. (Classroom 
observation, 30 August 2005, Episode 21) 
Mrs Roberts’ specification of methods during task introduction had sometimes 
involved students in questioning designed to guide them towards the selection of an 
appropriate method. However, during task completion her specification of methods 
almost invariably involved direct instruction, as Mrs Roberts told students in detail 
exactly how to complete the task. In the excerpt below, Mrs Roberts continued to 
specify methods for recording measurements of body parts, this time stating the 
accepted convention for recording length.  
Mrs Roberts:   Go and put 64 centimetres. When you’re writing 
centimetres, you put “cm”. (Classroom observation, 
30 August 2005, Episode 27) 
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Once again, this is more visible pedagogy. It is also more strongly framed as the 
teacher retained authority for the selection, sequencing, pacing and evaluation of 
what constituted legitimate mathematical communication in the CoP. It was more 
strongly classified because the boundaries of instructional discourse, in this case, the 
vertical discourse of mathematics, were made explicit. The form of agency 
privileged here was disciplinary agency, but the focus was firmly on procedural 
features of mathematical discourse rather than conceptual ones. Individual agency 
was discouraged, as students were required to comply with teacher direction. 
 Students appeared to recognise compliance with instructions as an 
expectation governing practice in Mrs Roberts’ CoP. During the snapshot lesson, one 
student reported on her own progress to the teacher. This student, Brigitte, described 
her own compliance with instructions rather than what she had discovered about the 
phenomenon apparently under investigation – the length of her body parts. 
Brigitte:   Excuse me, Mrs Roberts. I’ve done everything you asked me 
to do.  (Classroom observation, 30 August 2005, Episode 30) 
The ongoing specification of mathematical methods was evident in Mrs 
Roberts’ CoP even when she was not directly involved with students. In Chapter 6, I 
described a lesson where Mrs Roberts allocated groups of students activities 
requiring them to add together amounts of money. Before sending students to 
complete their tasks, Mrs Roberts demonstrated the various methods that were to be 
used by groups to complete their tasks. After Mrs Roberts demonstrated all tasks that 
groups were to complete, students moved away to complete their allocated task. One 
group, charged with representing various amounts of money using money stamps 
was joined by a teacher’s aide.  
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Teacher’s aide:  Which one are you doing? 
Chelsea:    Five. 
Teacher’s aide:  Right. So you need 55. What are you going to start 
with? 
Chelsea:     Fifty, then a five. 
Teacher’s aide:  Right. Off you go. (to another student) Your numbers 
need to be further apart.  
Chelsea:    So, I’ll stamp these. 
Teacher’s aide: …Now Amy’s going to work on Sum Number One. 
Amy, how would you make up 60c? Do you know 
how to make 60c Amy? (Amy picks up a 10c stamp). 
Teacher’s aide:  That’s 10c. Do you know how much more you need 
to make 60c? (Amy picks up a 50c coin stamp). 
 Alright. (Classroom observation, 11 October 2005, 
Episode 1) 
In engaging in the ongoing specification of methods here, the aide’s practice was 
consistent with that of Mrs Roberts. The expectations most clearly communicated 
were concerned with students’ independent completion of the task in exactly the 
fashion demonstrated by the teacher. The teacher’s aide, working as the teacher’s 
proxy, took over the tight selection of selection, sequencing, pacing and evaluation 
of what counted as mathematical communication in Mrs Roberts’ CoP. The 
pedagogy enacted by both Mrs Roberts and the teacher’s aide was more visible. The 
use of closed questioning and feedback that identified practice as correct or 
otherwise constituted a more tightly framed, strongly classified pedagogy.  
 The specification of methods, as revealed in the excerpts provided, acted to 
‘routinise’ student responses to particular mathematical situations as the teacher or, 
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in this case, the teacher’s aide, “[took] over” students’ mathematical thinking and 
reasoning (Truxaw et al., 2010). This routinising of responses to mathematical 
situations reinforced the disciplinary agency of mathematics. It also reduced the 
cognitive demand of tasks (Stein & Smith, 1998), and discouraged the exercise of 
human agency – personal or collective. The practice of mathematics was largely 
procedural, playing down the importance of mathematical skills such as reasoning, 
explanation and justification. Conventions associated with the vertical discourse of 
mathematics, such as the accepted method of recording length in centimetres, were 
often communicated directly to students. There was no expectation that they would 
engage in dialogue or that their understandings would be jointly constructed with 
either the teacher or other students. 
 The pattern of interaction that dominated the ongoing specification of 
mathematical methods during task completion was univocal communication 
(Truxaw et al., 2010). Pedagogy marked by univocal communication is highly 
visible. It is more strongly framed, as the teacher (or her proxy) retains control over 
the selection, sequencing, pacing and evaluation of mathematical knowledge. It is 
also more strongly classified, as the teacher (or her proxy) makes forms of 
communication considered legitimate within the vertical discourse of mathematics 
explicit. The stronger framing of univocal communication produces asymmetric 
social relations, inhibiting personal and collective agency. The visible nature of 
univocal communication can make mathematical discourse less opaque for students 
from backgrounds associated with mathematical achievement. When Mrs Roberts 
adopted univocal communication (visible pedagogy) during task completion, she 
may have supported equitable outcomes by enabling students to acquire important 
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mathematical knowledge. However, her univocal communication worked against 
relational equity.  
Thus far, analysis has suggested that Mrs Roberts’ pedagogy was mostly 
visible, while Mrs Kelly’s was mostly invisible, with some visible elements. I have 
suggested that this has resulted in Mrs Kelly’s pedagogy being more supportive of 
relational equity than equitable outcomes, while the reverse might be said of Mrs 
Roberts’ pedagogy. In the next section, I describe a practice enacted by Mrs Kelly 
that introduced additional visible elements into her pedagogy: Demonstration and 
explanation. This practice was a method that may have enabled Mrs Kelly’s 
pedagogy to also promote equitable outcomes. 
7.5 Demonstration and explanation 
While Mrs Kelly’s practice as analysed thus far (Section 7.3) was more supportive of 
relational equity than equitable outcomes, she was observed enacting certain 
practices during task completion that reinforced disciplinary agency. These included 
her use of demonstration and explanation. As I have previously analysed Mrs Kelly’s 
use of demonstration and explanation during task introduction in Chapter 6 (Section 
6.7), here I discuss practices particular to Mrs Kelly’s use of demonstration and 
explanation during task completion.  
 While both teachers were observed using demonstration and explanation 
during mathematics lessons, Mrs Kelly was the only one of the two teachers 
observed enacting demonstration and explanation during task completion. Mrs 
Roberts used demonstration during task introduction only, when she outlined 
specified expected methods. During task completion, she typically left students to 
complete tasks as directed or, if she interacted with students, it was to redirect their 
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practice to align with instructions stated during task introduction. The excerpt below 
shows Mrs Kelly engaged in demonstration and explanation during task completion 
and continues my exposition of the practices of students attempting to solve the 
problem of how far a certain species of frog could jump.  
Courtney:  We wrote down that [the multiplicands] were 5cm instead  
  of 4 centimetres. 
Fiona:   It’s meant to be 4 centimetres. 
Mrs Kelly:   If they had been 4, right, you would have had (Mrs Kelly 
writes on the paper) “20 lots of 4 centimetres”… …So…if we 
this out (points to what she has written on the paper). 
Courtney:    You could count on.  Just count in 2s.  20…24…26… 
Mrs Kelly:   Oh, it’s not…20 and four, though? …Well, perhaps you’ll
 understand better if I show you rather than talk to you. 
(Classroom observation, 8 September 2005, Episodes 18 and 
20-22) 
In this episode, students themselves identified an error in their reasoning, and called 
Mrs Kelly in to help. Mrs Kelly then proceeded to demonstrate how to use 
manipulatives to assist with calculating the multiplication of a single 4 centimetre 
unit (Figure 7.5), as shown below.  
Mrs Kelly:    (Placed 4 MAB unit blocks on the paper in a line). 
  There, that’s one frog. 
Fiona:    You make 20 of those frogs.   
Mrs Kelly:  Would you like to keep going?  (Courtney continued to place 
MAB blocks to represent 20 lots of 4 as at Figure 7.5) You’re 
going to have a heck of a lot.  Can I suggest something?  
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Mrs Kelly:   (Picked up a pencil and counted the MAB blocks). 
One…two…three…four.  (Drew a line under the fourth block 
and labelled it “1”). (Classroom observation, 8 September 
2005, Episodes 18 and 20-22) 
 
After Mrs Kelly’s demonstration, Courtney copied her method (Figure 7.5).  
 
Figure 7.5. Student using MAB after demonstration. 
In these episodes, students identified that the method they had been using to 
represent units being multiplied was flawed. They communicated this to the teacher, 
who explained why another suggested method was inappropriate and demonstrated 
the use of manipulatives to assist computation. In doing these things, Mrs Kelly 
positioned herself as a resource person ready to respond to students’ questions and 
concerns but not the person responsible for selection or the sequencing of 
mathematical practices. This is another example of Mrs Kelly enacting pedagogy in 
which the framing of the communicative context is more relaxed. While the framing 
is more relaxed, the boundary strength (classification), of the vertical discourse of 
mathematics is maintained. This type of pedagogy allocates the vertical discourse of 
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mathematics disciplinary agency, while still affording students opportunities to 
exercise individual and collective agency.  
Mrs Kelly explained how she used demonstration and explanation during the 
investigation of mathematical problems at one of her individual interviews. She 
stated that once understanding of a mathematical concept or skill became relevant 
and necessary to advance the ongoing investigation, at that moment she provided 
students with explicit instruction. To illustrate, she described an episode where 
students were involved in a mathematical investigation requiring them to record the 
number of balls they were able to throw through a hoop. When it became apparent 
that some students had difficulty representing the number of successful throws using 
numerals, Mrs Kelly provided them with a model of numerals to ten. 
Mrs Kelly: …in situations like that...like I did with coming down and 
writing the numerals…the correct way. (Individual Interview 
4, 10 November 2005, Episode 5) 
Mrs Kelly’s conversation here demonstrates that, while she often enacts more 
invisible pedagogy, she on occasion defers to the disciplinary agency of mathematics 
(the “correct way”). At what she considered to be key moments, Mrs Kelly 
strengthened the classification of pedagogy so that the boundaries of the vertical 
discourse were made visible to students. However, given her commitment to 
encouraging the exercise of both individual and collective agency, and her view of 
mathematical discourse as inclusive, she allowed students time and space to trial 
their own methods before intervening in this way. Mrs Kelly’s use of demonstration 
and explanation here added visible elements to generally invisible pedagogy, making 
features of the vertical discourse explicit and in doing so, supporting the 
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mathematical participation of students from backgrounds associated with low 
mathematical achievement. 
7.6 Mathematical identities as shaped by the teacher collective 
In this chapter, I have described practices enacted by Mrs Kelly and Mrs Roberts 
during task completion. This description has enabled identification of forms of 
pedagogy enacted by Mrs Kelly and Mrs Roberts and the patterns of interaction that 
emerged during the enactment of those pedagogies. It is through interaction that 
social relations are formed, making various mathematical identities available to 
students. However, as pointed out in the introduction to the thesis, student 
experience of mathematics education in Years 1 and 2 at Mirabelle School involved 
participation in the CoPs led by both teachers. The practices of both teachers shaped 
student development of mathematical identities. In Table 7.1, I have summarised the 
results of analysis, identifying the practices enacted by each teacher during task 
completion, along with the patterns of interaction evident as teachers and students 
engaged in those practices, the forms of pedagogy through which those patterns were 
established, the forms of agency privileged during interaction and the social relations 
produced as a result. The table summarises students’ experiences of task completion 
in Year 1 and at Mirabelle School, enabling the formation of conclusions about 
mathematical identities made available to students because of their participation in 
both CoPs. 
As I have shown throughout this chapter, Mrs Kelly enacted pedagogy that 
was largely invisible during task completion. This was evidenced by her sharing of 
control over method selection and her promotion of collaboration during group 
investigation (see Table 7.1). However, Mrs Kelly also added visible elements to her 
pedagogy that strengthened the discourse of mathematics. This was especially 
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apparent during her practice of demonstration and explanation, where she on 
occasion deferred to disciplinary agency. 
Some of the visible elements made the ground rules of social conduct in the 
CoP known and knowable to student participants. While involved in the 
investigation of mathematical problems, students in Mrs Kelly’s CoP were given 
many opportunities to exercise human agency, both personal and collective, and 
provided with explicit guidance about what constituted legitimate communication in 
the CoP.  Mathematical identities of agency and inclusion were made available to 
students as they were encouraged to exercise choice and take an active role in 
evaluating legitimate mathematical communication in the CoP. 
 In contrast, Mrs Roberts enacted a more visible pedagogy almost exclusively, 
establishing asymmetrical social relations in the CoP (Fong, 2006). This was 
evidenced by analysis of her practices of specifying mathematical methods, valuing 
independent task completion, and demonstration and explanation (See Table 7.1). 
Given their stronger framing, visible pedagogies are unlikely to invite students to 
exercise individual choice, or agency, while engaged in mathematical activity (Arnot 
& Reay, 2004). When practice in a mathematical CoP is governed by criteria and 
expectations (social norms) that configure asymmetric social relations, it is unlikely 
that identities of agency and inclusion will be enabled (Anthony & Walshaw, 2008). 
It is also unlikely that relational equity will be achieved in the CoP. Asymmetric 
social relations may lead students to feel that they have no power or influence over 
what constitutes legitimate mathematical communication. So, Mrs Roberts’ 
pedagogy did not, in general, make available identities of agency or inclusion and 
was not supportive of relational equity. 
 
 Chapter 7: Task Completion        255 
Table 7.1 
Practices, Patterns of Interaction and Pedagogies: Task Completion. 
 
CoP 
 
Practice 
 
Patterns of interaction 
 
Form(s) of pedagogy 
 
Forms of agency 
 
Identities made available 
Mrs Kelly Sharing control over method 
selection 
Open-ended questioning 
 
(More) invisible pedagogy 
(With some visible 
elements) 
Personal Identities of agency 
Identities of competence 
Mrs Roberts Specifying mathematical 
methods 
Univocal communication 
Closed questioning 
(More) visible pedagogy Disciplinary Identities of competence 
Mrs Kelly Promoting collaboration 
during group investigation 
Exploratory talk (More) invisible pedagogy 
(With some visible 
elements) 
(More) visible pedagogy 
Disciplinary 
Personal 
Collective 
Identities of agency 
Identities of inclusion 
Mrs Roberts Valuing independent task 
completion 
Univocal communication (More) visible pedagogy Disciplinary Identities of competence 
Both Demonstration and explanation Dialogic communication (More) invisible pedagogy 
(With some visible 
elements) 
Disciplinary Identities of competence 
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 While the more visible pedagogy enacted by Mrs Roberts did not make 
identities of agency or inclusion available to students, her pedagogy strongly 
privileged disciplinary agency. This was evident in her promotion of procedural 
fluency, almost to the exclusion of other capabilities associated with numeracy such 
as conceptual understanding or strategic competence. An ability to surrender to 
disciplinary agency is fundamental to mathematical competence and so Mrs Roberts’ 
practice can be seen to make an important contribution to students’ total experience of 
mathematics education in Years 1 and 2 at Mirabelle School. The contribution of Mrs 
Roberts’ pedagogy was to make mathematical identities of competence available to 
students. Mrs Roberts did this by making the boundaries of the vertical discourse 
known and knowable to students from traditionally disadvantaged backgrounds 
(Mercer & Dawes, 2008). Practices such the ongoing specification of methods, for 
instance when Mrs Roberts engaged in explicit instruction regarding the convention 
used to record centimetres, contributed to this boundary marking. If one takes the 
view, like Morgan (2012), that the most pressing concern related to achieving equity 
is the “extent to which a particular form of pedagogic discourse positions students as 
potentially successful or unsuccessful learners of mathematics” (p. 186), then the 
criteria of successful participation in mathematics becomes of enormous importance. 
When students know the criteria for success within their mathematical CoP, 
mathematical identities of competence are made more readily available, as they were 
in Mrs Roberts CoP. Making identities of competence, agency and inclusion available 
is important to the achievement of equity for students from backgrounds associated 
with low mathematical achievement (Andersson, 2011; Solomon, 2009). 
Through participation in both CoPs, identities of all three types were made 
available to students at Mirabelle School. This occurred as a result of the combined 
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pedagogies enacted by Mrs Roberts and Mrs Kelly (see Table 7.1). When Mrs 
Roberts and Mrs Kelly are viewed as a teacher collective, the more visible pedagogy 
of Mrs Roberts observed during task completion along with the more invisible 
pedagogy of Mrs Kelly may have formed a version of “radical visible pedagogy” 
(Bourne, 2004, p.  61). 
Radical pedagogies, as categorised by Bernstein (2000) focus on the 
relationships within groups and how these shape learning. So, they are fundamentally 
concerned with relational equity. Unlike more conservative pedagogies, the goal of 
radical pedagogies is not the production of differences between individuals but the 
modification of relations between social groups. Radical pedagogies focus on 
collective access to valued forms of knowledge, such as the vertical discourse of 
mathematics, as students work together to learn the rules of these discourses and how 
they can be incorporated into their own knowledge and experiences.  Within radical 
pedagogies, rules of pacing, sequencing and evaluation are relaxed to allow greater 
interaction between vertical and horizontal discourses. Certain radical pedagogies 
have been criticised for promoting local knowledges (horizontal discourses) to the 
extent that they fail to provide students with access to the important cultural capital 
within vertical discourses such as mathematics.  These pedagogies represent a form of 
invisible pedagogy, where the inevitable authority of the teacher is masked behind 
apparently emancipatory practice. Radical visible pedagogies explicitly acknowledge 
the teachers’ authority and responsibility to transmit important cultural knowledge but 
allow teachers and students to negotiate the space between students’ real life 
experiences and the disciplinary knowledge that comprises cultural capital.  In so 
doing, they become a site at which the exercise of both disciplinary and personal (or 
collective) agency is made possible. In the next chapter, I will further explore the idea 
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that the collective practices of Mrs Roberts and Mrs Kelly may have formed this type 
of pedagogy. 
The conclusion that can begin to be drawn from analysis of task completion in 
the CoPs is that, where it occurs, radical visible pedagogy does not have to be 
achieved by a single teacher, but can be the product of a teacher collective. Also, 
young students’ mathematics education can and should include opportunities for 
students to exercise all forms of agency identified here. Ideally, this occurs in an 
environment marked by relational equity, achieved through the enactment of radical 
visible pedagogy. 
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Chapter 8: Sharing Solutions 
In this final analysis chapter, I analyse the last of the events that occurred in the 
mathematical communities of practice (CoPs) under investigation: Sharing solutions. 
The sharing of solutions generally occurred after task completion and often formed 
the conclusion of the mathematics lessons observed. In line with patterns revealed in 
Chapters 6 and 7, Mrs Kelly and Mrs Roberts enacted distinct forms of practice 
during this part of the lesson.  In Mrs Kelly’s CoP, the final part of mathematics 
lessons was almost always occupied with discussion of solutions or representations 
produced during task completion. Students’ mathematical solutions, representations 
and reasoning were explained, justified and critiqued in the context of the Sharing 
Circle, with students encouraged to participate in evaluating one another’s reasoning. 
The sharing of solutions also occurred in Mrs Roberts’ CoP at the end of lessons, but 
was less routine. In Mrs Roberts’ CoP, lessons sometimes ended after task 
completion, without any sharing of solutions. On other occasions, mathematics 
lessons ended with a game based on the same mathematical concept or procedure 
explored during the lesson. While the sharing of solutions was not a regular practice 
in Mrs Roberts’ CoP, Mrs Roberts did engage students in the sharing of solutions in a 
number of lessons observed. Data generated during these lessons yield additional 
information about patterns of interaction in the CoPs.  
 The sharing of mathematical solutions was a site where relations of power 
established in the CoPs were sharply drawn, as I show by describing patterns of 
interaction evident during practice in each CoP. Once again, analysis reveals how 
pedagogy in Mrs Kelly’s CoP was generative of mostly symmetrical social relations 
while pedagogy in Mrs Roberts’ CoP was generative of mostly asymmetrical social 
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relations. In this chapter, I show how practices enacted by Mrs Kelly and Mrs Roberts 
during the sharing of solutions may have acted in a complementary way to form a 
radical, visible pedagogy supportive of equitable outcomes, especially for students 
from backgrounds associated with low mathematical achievement. The introduction 
of additional data generated during an individual interview with the school principal 
provides support for this emerging conclusion. These data show how the principal 
was aware of qualitative differences between practices enacted by Mrs Kelly and Mrs 
Roberts and deliberately crafted students’ experience of mathematics education at 
Mirabelle School so that students participated in both CoPs.  
 The chapter unfolds in four sections, beginning with an overview of practices 
observed during task evaluation (Section 8.1). In Section 8.2, I analyse prominent 
practices in detail, beginning with teachers’ practice of asking students to present 
their mathematical solutions, representations and reasoning. Section 8.3 presents 
analysis of practices enacted by Mrs Kelly to orchestrate class discussion. This 
section examines Mrs Kelly’s practice of prompting explanation and justification in 
detail as well as other practices enacted by Mrs Kelly that influenced class discussion 
during the sharing of solutions. Section 8.4 presents analysis of Mrs Roberts’ practice 
of evaluating individual performance. I then discuss the inter-relationship of practice 
in the CoPs (Section 8.5). It is in this section that I introduce data generated during an 
individual interview conducted with the principal that supports emerging conclusions 
about the complementary nature of practice in the CoPs. The chapter concludes with a 
discussion of the findings enabled by the analyses presented (Section 8.6). 
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8.1 Practices observed during sharing of solutions 
Just as observed during the introduction and completion of mathematical tasks 
(Chapters 6 and 7), teacher practices enacted in Mrs Kelly and Mrs Roberts’ CoPs 
during the sharing of solutions were markedly different. Taking the snapshot lesson as 
an example, sharing solutions occupied 11 of the 66 episodes observed (17%) in Mrs 
Kelly’s CoP. The most frequently observed teacher practice during this portion of the 
lesson was prompting students to explain or justify their mathematical solutions, 
representations or reasoning (n = 5). Other practices observed in Mrs Kelly’s CoP 
during the snapshot lesson were engaging students in sharing their solutions (n = 3) 
and inviting students to evaluate other students’ reasoning (n = 3). Prompting 
explanation or justification and inviting students to participate in the evaluation of 
mathematical communication were ways in which Mrs Kelly orchestrated class 
discussion, and are considered together during analysis (Section 8.2).  
 In Mrs Roberts’ CoP, sharing solutions occupied a greater proportion of 
episodes recorded during the snapshot lesson. Of the total 59 episodes, 21 were 
occupied with sharing solutions (36%). In Mrs Roberts’ CoP, the most frequently 
observed teacher practice during sharing solutions was the evaluation of individual 
student performance. Of the 21 episodes occupied with sharing solutions, 10 (48%) 
involved evaluation of this type. Engaging students in presenting their solutions, 
inviting students to participate in the evaluation of student responses and introducing 
a new mathematical question occupied three episodes each. Mrs Roberts specified 
methods that a student should use to present his solution to the group during two 
episodes. Practices observed during sharing solutions in the snapshot lessons are 
shown below (Figure 8.1). 
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Figure 8.1. Practices observed during sharing of solutions: Snapshot lesson. 
 
8.2 Sharing mathematical solutions, representations and reasoning 
In Mrs Kelly’s CoP, once mathematical tasks had been completed, students were 
asked to share their mathematical solutions, representations, and reasoning with 
others. Sharing solutions in Mrs Kelly’s CoP almost always occurred in the context of 
a Sharing Circle.  The Sharing Circle represented a site for plenary discussion and 
was convened during almost every lesson observed in Mrs Kelly’s CoP (see 
Appendix 6). In this episode from the snapshot lesson, Mrs Kelly asked students to 
form a circle after they had worked in groups to make arrays representing number 
sentences. 
Mrs Kelly: Now, I’d like you to make a Sharing Circle around all of these 
(indicating all the arrays)…Ok, I know it’s hard to resist still 
experimenting. Sometimes, you can experiment for ages and ages 
and not get anywhere, but if you stopped, listened to some advice 
and ideas…it would help you get where you wanted to go more 
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quickly. [emphasis added] (Classroom observation, 22 August 2005, 
Episode 38). 
In this episode, Mrs Kelly signalled to students what was about to occur in the circle 
was not the end of mathematical activity, but a phase in its development. The purpose 
of discussion within the Sharing Circle, as she explained here was to “help you get 
where you wanted to go”. Mrs Kelly’s statement reminded students of their agency in 
the process of mathematical inquiry. Referring students to their own goals contributed 
to making identities of agency and inclusion available to students by affording 
students’ goals legitimacy as referents for the practice of mathematics. 
 The Sharing Circle was a “talking space” (Graves, 2010, p. 435) that 
embodied the distribution of authority over evaluation of mathematical 
communication that was to occur. In the Sharing Circle, students shared authority 
over the sequencing and pacing of mathematical communication, enabling 
symmetrical social relations. Power to direct mathematical discussion was shared 
among participants rather than retained by the teacher. So, the practice of convening a 
Sharing Circle was in itself supportive of relational equity, because it set up an 
expectation of shared control (Boaler & Staples, 2008). The framing here was more 
relaxed (weaker), but visible elements were introduced into the use of the Sharing 
Circle as pedagogy. Criteria for legitimate participation in the Sharing Circle had 
been clearly established during prior usages, both during mathematics lessons and, 
more particularly, philosophy lessons. 
As previously explained (Section 5.3.3), Mrs Kelly was a proponent of the 
Philosophy for Children approach (Splitter, 2009; Splitter & Sharp, 1995). She 
conducted weekly philosophy lessons during which students engaged in discussion of 
philosophical questions. This always occurred in a Sharing Circle, where students 
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were taught a range of social practices, or “dialogic strategies” (Rojas-Drummond & 
Mercer, 2003, p. 99).  
A number of expectations that governed participation in philosophical 
discussion were applied as students shared mathematical solutions, representations 
and reasoning within the Sharing Circle. The first of these was the expectation that 
students would listen to one another without interruption, avoiding side 
conversations, and then be prepared to respond to what others had said (see Figure 
7.4). In the excerpt below, Mrs Kelly is shown holding students to this expectation 
during a mathematics lesson. Students had been asked to make an array representing a 
forest made up of five rows of six trees, using bottle-tops to represent the trees. One 
student, Courtney, volunteered to enter the middle of the Sharing Circle, then 
constructed an array to Mrs Kelly’s specifications. 
Courtney: (Rises from her place on the carpet, and begins placing the 
bottle-tops in rows. She makes five rows, each consisting of five 
bottle-tops). 
Mrs Kelly: Now you other people. Look and see what she’s doing.  
Remember what I asked for, and see if she’s doing that. 
Jane:   Nah. 
Mrs Kelly:   Wait ‘til she finishes….Wait ‘til she finishes.  She might have 
a plan… 
Jane:   Mrs Kelly, you said…. 
Mrs Kelly:   Wait….remember, I said…she may have a plan. 
We don’t want her to think we don’t trust what she’s doing. 
(Classroom observation, 22 August 2005, Episodes 2 and 3). 
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This episode shows Mrs Kelly involving students in the evaluation of mathematical 
communication. However, students were encouraged to delay their evaluation until 
the student had completed her representation. A student who attempted to evaluate 
Courtney’s representation before she had completed it was instructed to wait.  
In allowing students time to complete their representation and reflect on their 
own performance, Mrs Kelly was again enacting pedagogy with more relaxed 
framing in that control over the selection, sequencing and pacing of mathematical 
communication was shared. Mrs Kelly enacted similar pedagogy in another lesson, 
when students were encouraged to generate alternative ways of counting to arrive at a 
total of 20 bottle-tops. After students had proposed counting in twos, fours and fives, 
and constructed arrays to represent their thinking, one student proposed counting in 
twenties and set out to construct an array to represent her idea.  
Alice:  (Makes one row of ten bottle-tops then begins making a second 
row underneath). 
Jane:   I don’t think it is right. 
Mrs Kelly:   Uh!  (indicating that Jane should refrain from interrupting).  
 (To Alice) You’re right, keep going… 
Jane:    Me and Courtney have decided something. 
Mrs Kelly:    (To Alice) Don’t let her put you off, Alice, you put it out how 
you want to put it out…(Several children raise their hands to 
indicate they would like to modify Alice’s array). 
Mrs Kelly:    No, no…I’m sure she can figure it out.  (Classroom 
Observation, 27 July 2005, Episodes 46 and 48) 
In both of these episodes, waiting was associated with trust and presented as a way of 
demonstrating respect for others in the CoP.  It became an inclusive participatory 
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practice (Anthony & Hunter, 2010).  By requiring students to listen respectfully to 
others, Mrs Kelly communicated an expectation that students would fully explain 
their solutions, strategies and representations.  
 While students were expected to listen to others as they presented solutions, 
representations or reasoning in the Sharing Circle, students presenting were also 
expected to conform to certain expectations. Again, some of these were co-opted 
from student participation in philosophical discussions. During philosophy lessons, 
the clear expression of ideas was presented as a criterion for legitimate participation 
(see Figure 7.4). Mrs Kelly held students to this expectation during mathematics 
lessons, where she used revoicing (Forman & Ansell, 2001) to support the clear 
expression of students’ mathematical communication, as shown below: 
Tiffany:   Not all chalk measures it… … 
Courtney:    I had all these big pieces of chalk, and now they’re all nearly 
used up. 
Mrs Kelly:    So you’re giving an example of what Jane’s just been 
saying. (Classroom observation, 8 September 2005, Episode 
28 and 29) 
In this episode, students described their conclusions about items that measured 4 
centimetres in length. Students were seeking to make a distinction between all pieces 
of chalk in the classroom and particular small pieces. Mrs Kelly referred them to a 
particular and familiar dialogic strategy from their participation in philosophy, giving 
an example. In doing so, Mrs Kelly identified giving an example as an effective way 
of expressing a mathematical idea.  
 The excerpts presented thus far in this section reveal the expectations in 
relation to social conduct that governed the sharing of mathematical solutions, 
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representations and reasoning by individuals. Students in Mrs Kelly’s CoP, however, 
did not always present their work individually. When students had been involved in 
group investigation, they were encouraged to present their solutions, representations 
or reasoning as a collective, rather than as individuals. In the snapshot lesson, where 
students had been engaged in small group investigation, they were required to present 
solutions and strategies as a group. Once the Sharing Circle had been formed, Mrs 
Kelly directed inquiries about solutions and strategies to the groups that had 
investigated particular mathematical problems rather than to individuals within those 
groups. In the excerpt that follows, the student that responded to Mrs Kelly’s question 
acted as a spokesperson for the group.  
Michael:   First, what we were supposed to do was draw it on a time line. 
Mrs Kelly:   Did you do that? 
Michael:   Yep. 
Mrs Kelly:   Then what? 
Michael:   Then we drew the life cycle in pictures as well (Figure 5.3). 
Mrs Kelly:    Then tell them about the problem you encountered…[Student 
does not answer] They discovered it wasn’t accurate, 
because the spaces were not evenly spaced. [emphasis 
added] (Classroom observation, 8 September 2005, Episode 
32) 
In the excerpt above, Mrs Kelly expanded on Michael’s response when he was unable 
to voice the group’s findings to the group. In doing so, Mrs Kelly translated 
Michael’s communication into mathematical discourse and deferred to the 
disciplinary agency of mathematics. This is revoicing (Forman & Ansell, 2001), a 
pattern of interaction that occurred during all mathematical events observed in Mrs 
Kelly’s CoP. Just as she did during task presentation and task completion, Mrs Kelly 
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mediated the relationship between students’ everyday language and the vertical 
discourse of mathematics when responding to students’ shared solutions. This 
involved repeating, expanding or translating students’ responses so that they aligned 
with language considered legitimate within the vertical discourse of mathematics. 
 Unlike Mrs Kelly, Mrs Roberts did not habitually call on students to form a 
circle after task completion. When the class was called together, it was usually to sit 
in front of the teacher on the carpet. Mrs Roberts, seated on a chair, directed the 
sharing of solutions, representations and reasoning – mostly by using closed-ended 
questions to elicit students’ descriptions of solutions, representations or reasoning.   
Mrs Roberts:   Ok. When you’ve done everything you can get your Me Books 
and glue your sheet in.  Then, bring your pieces of paper with 
you to the floor, because we’re going to do something else with 
them. (Classroom observation, 30 August 2005, Episode 33) 
This excerpt is telling in two respects. First, students pasted worksheets recording 
their measurements into a book without their work undergoing any inspection by the 
teacher. The goal here was completion of the task as instructed. Mrs Roberts had been 
observed interacting with students as they completed the task, but this was to 
comment on their compliance with instructions. Their conceptual understanding was 
not scrutinised. Second, Mrs Roberts called students to sit on the carpet in front of her 
and await further instruction about what was to happen next. In doing so, Mrs 
Roberts’ retained tight control over mathematical communication. The criterion for 
legitimate participation was clear: Compliance with the teacher’s instructions. Mrs 
Roberts’ actions here, by making students reliant on her instructions and not outlining 
the mathematical features of the task, promoted neither individual, collective nor 
disciplinary agency. 
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Mrs Roberts’ tight control over communication during the sharing of solutions 
differed markedly from Mrs Kelly’s practice as she structured discussion during the 
sharing of solutions. Mrs Kelly’s practice of calling students to the Sharing Circle 
was familiar because of its position as a central routine for class participation in 
philosophical discussion. Discussion is usually aligned with invisible pedagogy. 
However, by sharing authority over the selection, sequencing, pacing and evaluation 
of communication, Mrs Kelly introduced more visible elements. Students knew, as a 
result of explicit instruction, the forms of conduct that were considered legitimate 
within the circle and so had a clear understanding of the form of practice in which 
they were about to engage. The very formation of the Sharing Circle signalled to them 
the criteria for legitimate participation, making available identities of communicative 
competence, but not necessarily mathematical identities of competence. As the 
criteria for legitimate participation included asking questions, discussing problems 
and participating in the evaluation of one another’s mathematical reasoning, identities 
of agency (Anderson & Gold, 2006) were also made available. As students worked 
together with the teacher to construct mathematical meaning, identities of inclusion  
(Solomon, 2009) were available too.  
 In Mrs Roberts’ CoP, individuals, not groups, were asked to share solutions. 
In the excerpt below, from the snapshot lesson, Mrs Roberts asked a student to 
identify the length of a paper used to measure his leg. 
Mrs Roberts:    Fergus, how long is your body piece of paper? 
Fergus:     44 centimetres. 
Mrs Roberts:    Show me, pick it up. (Classroom observation, 30 
August 2005, Episodes 34) 
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Here, Mrs Roberts directed requests for information to an individual, demonstrating 
her interest in individual rather than collective performance. The form of agency 
privileged here is disciplinary. Mrs Roberts did not involve other students in 
evaluating of one another’s solutions, or involve them in asking questions, meaning 
that students were not encouraged to exercise personal or collective agency and 
identities of agency were largely unavailable. Students were not jointly involved in 
the construction of mathematical meaning, as the teacher retained authority over 
selection, sequencing, pacing and evaluation of mathematical communication. Thus, 
as suggested earlier, identities of inclusion were not available either.   
Mrs Roberts’ practice of evaluating individual performance made explicit the 
criteria against which students’ performance was to be judged. This made her 
pedagogy more visible. Visible pedagogy is often considered supportive of equitable 
outcomes (e.g., Lubienski, 2004) but not relational equity. However, as criteria were 
limited to procedural aspects of the task, the vision of mathematical discourse 
communicated to students was narrow. Mrs Roberts’ focus on procedural aspects of 
mathematical tasks is further evidenced by the observation that, in three of the five 
lessons analysed in detail, students were not involved in sharing solutions at all. 
These lessons concluded after Mrs Roberts told students that the time allocated to task 
completion was now over, and that their belongings should be put away. In those 
lessons, inspection or comparison of students’ representations, solutions or strategies 
against mathematical discourse did not occur. Mrs Roberts’ concern appeared to be 
that students complete tasks as directed. 
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8.3 Orchestrating discussion 
In Mrs Kelly’s CoP, sharing mathematical solutions, representations and reasoning 
formed the impetus for discussion. Discussion continues to be promoted as pedagogy 
with significant potential to extend students’ mathematical thinking. However, many 
teachers find it difficult to orchestrate discussion to this end (Cengiz, Kline, & Grant, 
2011; Grant, Kline, Kim, & Cengiz, 2009: Stein, Engle, Smith & Hughes, 2008). Mrs 
Kelly engaged in two practices to orchestrate discussion as students shared solutions 
during the snapshot lesson. These were prompting students to explain or justify their 
reasoning and inviting students to participate in the evaluation of other students’ 
mathematical communication. The student behaviours that these teacher practices 
promoted, namely explaining and justifying ideas and expressing agreement were 
referred to by Mrs Kelly as “procedures” or “moves” and they represented the 
“ground rules” for discussion in the CoP (Mercer & Hodgkinson, 2008, p. 55), as 
shown below. 
Mrs Kelly:   In the circle, the procedure is “Have we listened to each other?” 
“Have we taken turns?”…but it’s also skills. “Did we…try to 
clarify what we were saying?” “Did we give an analogy to help 
people understand what we were saying?” Or moves. You could 
call it the moves that you make within…a discussion. (Mrs 
Kelly: Interview 1, 13 October 2005, Episodes 10 and 11) 
By teaching students the ground rules for discussion, Mrs Kelly made expectations 
about what constituted legitimate communication in the CoP visible. By holding 
students accountable to these expectations during the sharing of solutions, Mrs Kelly 
generalised the ground rules established during students’ practice of philosophy to the 
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practice of mathematics in the CoP.  These ground rules represented dialogic 
strategies. 
8.3.1 Teaching dialogic strategies: The practice of philosophy 
As explained in Chapter 7 (Section 7.3), the way Mrs Kelly taught dialogic strategies 
in the context of philosophy lessons had the effect of enabling exploratory talk. In the 
episode below, taken from a philosophy lesson in Mrs Kelly’s CoP, students engaged 
in exploratory talk as they debated whether or not humans have the right to destroy 
natural objects.  
Max:    I agree with you, Michael, because I’m just going to say…all 
people shouldn’t destroy ever…well, maybe every now and 
again. 
Courtney:   I disagree with Max…What was your point, Max? 
Max:   People shouldn’t destroy ever. 
Courtney:   Sometimes you might not destroy it all down.  You might 
destroy it once.  I never knew anybody who destroyed 
everything. 
Mrs Kelly:   Is once OK? 
Children:  No, no. (Classroom observation: Philosophy, 8 September 2005,
  Episode 14) 
In the excerpt above, students engaged critically and constructively with one 
another’s ideas as they endorsed or challenged other students’ reasoning and 
explained and justified their own. That is, they engaged in exploratory talk (Mercer, 
1996). The expression of agreement and disagreement that occurred in this episode 
was dependent on students engaging in evaluation of one another’s reasoning. During 
philosophy, students received explicit and frequent guidance from their teacher, Mrs 
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Kelly, to enable this type of evaluation. In the episode below, taken from the same 
philosophy lesson, Mrs Kelly specifically encouraged students to disagree with a 
stated position. 
Mrs Kelly:   Hands up who agrees with Robin?  Hands up who has a 
 different point of view? ...We are looking for someone who 
 might disagree. 
Kasim:   If you throw a trolley down… 
Roley:  I disagree.  If you throw a trolley down once, you’re not    
 destroying all of it. You’re just destroying some of it. 
Mrs Kelly:   So, my question is…it is OK if you only destroy some of it? 
Paulo:   I think it’s not OK, because there’s already a lot of rubbish.  So 
 I think, no, it’s not ok…or sometimes it’s ok… 
   Mrs Kelly:   Ooh, no.  I think you just disagreed with yourself there. I think 
you changed your position halfway. (Classroom observation: 
Philosophy, 8 September 2005, Episode 17) 
This excerpt shows how students were enabled to express disagreement and also 
shows how students were in the habit of providing reasons for their position. When 
Paulo disagreed with the position stated earlier, he gave a reason for doing so without 
being prompted. Expressing disagreement in this way and justifying one’s position 
are expressions of personal agency. The final part of the excerpt, where Mrs Kelly 
asks if destroying something is sometimes ok or never ok, also shows Mrs Kelly 
modelling another of the dialogic strategies associated with the practice of 
philosophy; making a distinction.  
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8.3.2 Prompting students to explain or justify mathematical communication 
In Mrs Kelly’s CoP, certain dialogic strategies taught during Philosophy appeared to 
have ‘crossed over’ to the mathematics classroom. In particular, students were 
accustomed to explaining and justifying their reasoning in response to Mrs Kelly’s 
habitual requests for reasons. For example, in a lesson on odd and even numbers, Mrs 
Kelly asked a student to justify his contention that zero could be even or odd. 
Mrs Kelly: Roley, can you tell me how you can say that? That zero is even and 
odd.  (Classroom observation, 25 October 2005, Episode 3) 
Here, Mrs Kelly prompted Roley to justify his contention. The pacing of pedagogy is 
more relaxed so that Roley can reflect on and evaluate his own reasoning. Similarly, 
in another lesson on symmetry, Mrs Kelly asked Alex to explain his conclusion that a 
certain paper cutting was not symmetrical. 
Mrs Kelly: Have a look and see if you can decide whether this was symmetrical?  
Let me take the ruler away. What do you think?  
Alex:   No.   
Mrs Kelly: Alex, why isn’t it? (Classroom observation, 11 October 2005, 
Episode 7) 
 
Mrs Kelly not only required students to explain and justify their mathematical 
reasoning, she also challenged their reasoning once explained. Roley, the student who 
had earlier suggested that zero could be even or odd, was asked to explain his 
contention. He explained by referring to a number line that students had enacted. 
Students had been positioned in pairs, or pairs ‘plus one’, to represent odd and even 
numbers. There were no students standing at the zero point. 
Roley: If there’s no one there, then there’s no one there. 
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Mrs Kelly: Well, if you’re going to use that reasoning, couldn’t you also say 
it was an odd number because if it’s zero, then there’s just 
nothing there to work with in the first place? (Classroom 
observation, 25 October 2005, Episode 7) 
In requiring students to explain their reasoning and challenging that reasoning when it 
appeared mathematically unsound, Mrs Kelly strengthened the disciplinary agency of 
mathematics. Her pursuit of sound mathematical reasoning here introduced more 
visible aspects into her generally invisible pedagogy.  An example of the introduction 
of visible elements into Mrs Kelly’s pedagogy occurred when she named Roley’s 
response “reasoning”. In doing so, she identified one of the criteria against which his 
communication was to be evaluated. Mrs Kelly then exposed the quality of Roley’s 
reasoning to public scrutiny and reinforced the criteria for identifying a number as 
even – that it can be grouped into pairs. Inspecting Roley’s responses in this way 
made explicit certain conceptual and procedural features of mathematical discourse, 
namely the nature of odd and even numbers and a method of determining whether a 
number is even or odd. Pedagogy here was more strongly classified, with Mrs Kelly 
marking the boundaries of mathematical discourse. Roley was required to submit to 
disciplinary agency and encouraged to exercise personal agency. The identities made 
available were competence, agency and inclusion, with Roley jointly engaged in the 
construction of mathematical meaning.  
 While the excerpt above showed Mrs Kelly reinforcing disciplinary agency, 
this was not routine in her teaching.  Mrs Kelly frequently deferred to students in 
respect to evaluating mathematical activity, weakening the classification of 
mathematical discourse. Weakening the classification of mathematical discourse can 
make the boundaries of the discourse less easy to discern, disadvantaging students 
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from backgrounds associated with low mathematical achievement in particular 
(Zevenbergen et al., 2004).  However, students in Mrs Kelly’s CoP were observed 
marking disciplinary boundaries themselves. For example, in the excerpt below, a 
Year 2 student (Claire) explained to other students the criteria they could use to 
determine how many multiples of five would be needed to make an array of 20 bottle-
tops. 
Mrs Kelly: Do you know how many rows of five he’s going to put out, do 
you? How many rows of five? 
Claire:   Yes… ‘Cause, if nobody knows how to figure it out…it’s five 
plus five equals ten, then ten plus five equals…fifteen, then 
fifteen plus five equals twenty. 
Mrs Kelly:   Equals twenty? Oh. (Classroom observation, 26 September 
2005, Episode 58) 
Here, Claire took the reins of discussion, exercising personal agency and reinforcing 
the disciplinary agency of mathematics. Claire’s conduct demonstrated that relaxing 
the framing of pedagogy did not mean that the classification of the vertical discourse 
of mathematics must also be weaker. When authority over the selection, sequencing 
and evaluation of mathematical communication is shared, students can also be 
involved in marking disciplinary boundaries. 
What Mrs Kelly did that enabled Claire to mark disciplinary boundaries was to 
create a classroom culture where students had learned the “ground rules” necessary to 
participate in productive discussion (Mercer & Hodgkinson, 2008, p. 55). Like the 
students in Rojas-Drummond and Zapata’s (2003) study, students in Mrs Kelly’s CoP 
had benefited from her teaching of dialogic strategies and applied learning about 
these strategies in the context of mathematical discussion. The difference is that 
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students in Rojas-Drummond and Zapata’s (2003) study were 10-12 years old. 
Students in Mrs Kelly’s CoP were aged 5-7 years. The interaction described in the 
episodes above was typical of that observed in Mrs Kelly’s CoP during discussion, 
showing that students in the early years of school are capable of engaging in 
productive mathematical discussion and participating in both evaluative talk and 
revoicing. Such discussion does not preclude maintaining the boundary strength of 
mathematical discourse. As I have shown here, students themselves can participate in 
marking these boundaries.  
Criteria and expectations established through teaching dialogic strategies 
enabled Claire to propose strategies and solutions, not just provide an answer. Claire 
showed that she viewed herself as a competent “doer of mathematics” (Martin, 2007, 
p. 147) when she offered to explain “how to figure it out”. This suggests that 
identities of competence were made available to Claire in Mrs Kelly’s CoP. It also 
suggests that she had taken up such an identity. Claire also appeared to have taken up 
an identity of agency, in that she proposed the strategy to be used, as well as an 
identity of inclusion, in that she took an active role in the construction of 
mathematical meaning in the CoP. 
8.3.3 Inviting students to evaluate/revoice mathematical communication 
Another dialogic strategy co-opted from students’ practice of philosophy observed 
during the sharing of solutions in the snapshot lesson was the teacher’s practice of 
asking students to evaluate or revoice (Forman & Ansell, 2001) other students’ 
mathematical communication. Mrs Kelly was observed encouraging evaluation of this 
type on one occasion during the snapshot lesson, but it was a practice observed in 
certain of the other lessons analysed in detail. In the lesson on number, for example, 
Mrs Kelly invited students to evaluate other students’ reasoning on four occasions. In 
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the lesson on Space, Mrs Kelly engaged in this practice three times. In this excerpt 
from the snapshot lesson, Mrs Kelly asked one group to explain their representation 
of how an egg yolk divides once fertilised (Figure 8.2) and then invited other students 
to identify the mathematical concept being described. 
Mrs Kelly:   The next group, theirs was about the egg. You call it pluses? 
Robin:    See, I saw that it kept going one plus one equals two, two plus 
two equals four, four plus four equals eight… 
Mrs Kelly:    What’s that? Can anyone help? [emphasis added]  
  He calls it pluses. (No one responds). 
Mrs Kelly:    Say what the egg divided into again. 
Robin:    One plus one equals two, two plus two equals four, four plus 
four equals eight, eight plus eight equals sixteen… 
Mrs Kelly:    Anyone got an idea? [emphasis added]  (Classroom 
observation, 5 September 2005, Episode 34) 
/ 
/ 
 
Figure 8.2. Snapshot lesson: How an egg divides. 
Here, Mrs Kelly encouraged students to evaluate the mathematical communication of 
their peers by comparing communication to the vertical discourse of mathematics. 
The student who eventually responded to Mrs Kelly’s encouragement, Fiona, 
revoiced the response of her classmate so that it aligned with language considered 
legitimate within mathematical discourse, as shown below: 
Egg 
 
Life starts as the central yolk splits in two. It 
then divides into four, then eight. What would 
it divide into next? What can you use to find 
out? How will you record this? 
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Mrs Kelly:   Anyone got an idea?  
Fiona:  It’s doubling. [emphasis added] (Classroom observation, 5 
September 2005, Episode 34). 
After Robin had stated the group’s findings, Mrs Kelly put it to the class to 
recontextualise (revoice) his response. By calling on students to identify the 
mathematical concept being referred to, Mrs Kelly communicated a clear expectation 
that students would evaluate the mathematical ideas presented. This was a clear 
invitation for students to exercise personal agency in evaluating mathematical 
communication. This is an example of how Mrs Kelly enacted pedagogy with more 
relaxed framing, so that students shared control over the evaluation of mathematical 
communication. On this occasion, mathematical discourse was classified more 
strongly. This was neither invisible nor visible pedagogy. It was invisible pedagogy 
with visible elements, or radical visible pedagogy (Bourne, 2004) of the type 
described in Section 7.6. Pedagogy of this type is supportive of relational equity in 
that it establishes symmetrical social relations. Symmetrical social relations are 
formed as the teacher relaxes the framing of pedagogy so that students share control 
over the selection, sequencing, pacing and evaluation of mathematical knowledge. 
Radical visible pedagogy like that enacted here is also believed to hold potential to 
enable equitable outcomes students from backgrounds associated with low 
mathematical achievement (Bourne, 2004). This is because it makes the disciplinary 
boundaries known and knowable for students, thereby enabling equitable outcomes 
(Bourne, 2004; Zevenbergen, et al., 2004). Because of its more relaxed framing, 
radical visible pedagogy stands to establish symmetrical social relations supportive of 
relational equity (Boaler, 2008). These features of radical visible pedagogy make it 
particularly responsive to the needs of students from backgrounds associated with low 
mathematical achievement. 
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8.4 Evaluating individual student performance 
In Mrs Kelly’s CoP, the evaluation of students’ mathematical communication was 
shared with students. In Mrs Roberts’ CoP, Mrs Roberts assumed responsibility for 
evaluating individual student performance. As a result, Mrs Roberts frequently ended 
lessons without involving students in any sharing of solutions. She had already 
evaluated student performance in the context of individual student-teacher 
interactions and did not require students to explain or justify their reasoning to others. 
In the snapshot lesson, however, the sharing of solutions occupied a significant 
portion of the lesson and the patterns of interaction evident during the lesson reveal 
mathematical identities made available to students in the CoP.  In the excerpt below, 
from the snapshot lesson, Mrs Roberts evaluated the accuracy of the measurements 
two students made of their torsos.  
Mrs Roberts:    I think we had some creative measuring here. 
Look (holding up Courtney’s paper strip), that’s nearly 
as long as my body. So, do you think you might have 
mismeasured? 
Mrs Roberts:    (points to another child’s strip) Oh my!  (laughing)  
60cm!! (Classroom observation, 30 August 2005, 
Episode 37) 
 
The excerpt shows how Mrs Roberts used the sharing of solutions during the snapshot 
lesson as a site for the evaluation of individual performance rather than an 
opportunity to prompt explanation or justification.  
Although Mrs Roberts had also been trained in the Philosophy for Children 
approach (Splitter, 2009; Splitter & Sharp, 1995), she was not observed enacting 
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practices associated with that method during mathematics teaching or encouraging 
students to apply strategies learned in philosophy lessons during mathematics lessons. 
In fact, Mrs Roberts’ practice departed considerably from the philosophical approach. 
Mrs Roberts did not seek to develop the mathematics class as a community of inquiry. 
In common with most other teachers of mathematics to young children in Australia 
(Doig, 2009), Mrs Roberts enacted pedagogy that was individual-focused. Mrs 
Roberts consistently evaluated individual student performance rather than the 
performance of groups. The following excerpt also shows Mrs Roberts engaged in the 
evaluation of individual performance at the close of a lesson. It is taken from a lesson 
during which students collected data that would later be used to complete a 
PowerPoint presentation about themselves. The data being gathered was information 
about how far each student could throw various balls. Students were given worksheets 
showing three differently-sized balls. They were instructed to make a prediction about 
which ball they thought they could throw furthest, go downstairs and test their 
predictions, then record on a worksheet the distance they were able to throw each 
ball. Distances were to be measured by pacing out steps. Once all students had 
completed this task, they returned to the classroom, where Mrs Roberts evaluated 
their participation in the following way. 
Mrs Roberts:   (Looked at several children’s books).   
    (to Summer) Why have you only got one number? 
Summer:     I don’t know. 
Mrs Roberts:    Nor do I know. 
Summer:     Begins to write a word beside on of the balls. 
Mrs Roberts:    No! The numeral.  Not the word. (Classroom 
observation, 24 August 2005, Episode 30 and 31) 
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In this excerpt, Mrs Roberts’ focus is individuals and their compliance with 
instructions. She was not observed checking for mathematical understanding. Her 
concern seems to be with ensuring that the student developed fluency in recording 
number using numerals, but this was not outlined as a goal of participation. Mrs 
Roberts’ pedagogy here during these exchanges was more visible.The disciplinary 
boundaries of mathematics were presented as distinct and immovable (Bernstein, 
2000). For example, when Mrs Roberts insisted Summer use numerals not words to 
record her estimate, this established an expectation that mathematical representation 
involved the use of numerals.  
Disciplinary agency was privileged here, with the discipline itself defined by 
Mrs Roberts. Against the advice of Bass and Ball (2000), she did not inspect or 
compare students’ responses against the vertical discourse of mathematics, but 
checked that they conformed to the parameters she had set. An example is her 
expectation that Summer would have recorded an estimate beside each of three 
representations of a ball. In doing so, she positioned herself as the arbiter of 
mathematical meaning, setting up asymmetrical social relations in the CoP 
(Zevenbergen et al., 2004). The mathematical identity available here was one of 
competence, with competence defined as compliance with procedural instructions. 
Students were not encouraged to exercise agency or included in the construction and 
reconstruction of mathematical discourse, so identities of agency and inclusion were 
unavailable. The consequences of leaving these identities unavailable are that students 
are likely to be less able to apply mathematical knowledge to unfamiliar problems, as 
this depends on the exercise of agency (Anderson & Gold, 2006). They are also 
unlikely to view mathematics as relevant to their experience and inclusive of their 
perspectives. When this occurs, students from backgrounds associated with low 
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mathematical achievement in particular are at risk of disengaging with mathematics 
education (Solomon, 2009). 
Thus far, I have described practices of Mrs Kelly and Mrs Roberts during the 
sharing of solutions in the CoPs and how these practices made available various 
mathematical identities. I have maintained throughout my presentation of the cases 
that the CoPs did not operate independently of one another and that the cumulative 
effects of participation in both CoPs must be considered when exploring 
mathematical identities made available to students at Mirabelle School. The teacher 
participants acted as a teacher “collective” (Horn, 2008, p. 203) in that Mrs Kelly and 
Mrs Roberts took joint responsibility for students’ mathematics learning. The inter-
relationship of practice in the CoPs was illuminated by data generated during an 
individual interview conducted with the school principal. In the next section, I 
analyse these data for the purpose of explaining how the practices of the teacher 
participants worked together to shape students’ mathematical identities.  
8.5 The teacher collective: The principal’s view 
The principal of Mirabelle School was instrumental in shaping the experience of 
students in the CoPs. The decision to organise mathematics instruction so that 
students were exposed to the practices of both Mrs Kelly and Mrs Roberts was hers. 
The principal had a strong sense that mathematics, as a discipline, possessed its own 
agency. She herself had advanced mathematical content knowledge, having 
completed a Master’s degree in the field of early childhood mathematics education. 
She felt that mathematics had beauty and power and that mathematical knowledge 
had value independent of context, as she explains below. 
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Principal: What’s wrong with studying something like that just for the sake 
of learning? …I remember having an argument with some student 
teachers after class. They were arguing that all maths needs to be 
relevant and children need to be able to see that. But I actually 
think that it’s ok just for the sake of it. Just because a theorem is 
beautiful.  Isn’t that neat? The way that works out? Let’s just learn 
about that and have fun with that. (Individual Interview, 7 
November 2005, Episode 16) 
 
The principal’s deference to the disciplinary agency of mathematics was associated 
with a conviction that there were certain things that students must learn in 
mathematics at school. 
Principal: This isn’t about pedagogy. This is what are we producing for these 
people who are going to leave our school system? What do they 
have to have learned? They have to have learned their skills…I 
make no bones about that. They have to have learned how to do 
their subtraction with re-grouping.  They have to have learned 
their number facts. (Individual Interview, 7 November 2005, 
Episode 31) 
In these episodes, the principal expressed her conviction that young students 
should learn to defer to the disciplinary agency of mathematics by aligning their 
conduct with that considered legitimate within mathematical discourse. This 
conviction equates to a commitment to making identities of competence available to 
all students. The principal’s commitment to making identities of competence 
available to all students was a factor in her decision to organise students’ participation 
in mathematics education so that they experienced the teaching of both Mrs Kelly and 
Mrs Roberts, as she infers below. 
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Principal: …I also think there needs balancing with some other 
skills…because, I’ve watched Mrs Kelly and I know that there are 
some [mathematics teaching] things that she does fabulously.  But 
I also know that it’s likely that…someone might get her kids next 
year and find there are big gaps [in mathematics learning]...  And 
it’s my job, over the seven years, to make sure that all the gaps are 
filled.  But I think that what she’s really good at is having the 
children … understand that they’re at school to learn, and that it’s 
their job to learn and they have a responsibility to learn. 
(Individual Interview, 7 November 2005, Episode 34) 
Here, the principal alludes to the mathematical identities made available in Mrs 
Kelly’s class. By assisting students to understand that “it’s their job to learn and they 
have a responsibility to learn”, Mrs Kelly invited students to actively participate in 
the construction of mathematical meaning in the CoP. This made available identities 
of agency. However, the principal’s suggestion that, if students only participated in 
Mrs Kelly’s CoP, they might be left with “big gaps” evidences her belief that Mrs 
Kelly inadequately communicated mathematical disciplinary knowledge (vertical 
discourse). This may have made identities of competence less available. Enabling 
students’ participation in Mrs Roberts’ CoP as well as Mrs Kelly’s CoP was her way 
of making available identities of competence as well as identities of agency and 
inclusion. 
The principal’s decision to structure students’ participation so that they 
experienced the practices of both teacher participants was based on her conviction 
that the two teachers were more effective when they operated as a collective, rather 
than as individuals. The success of students who had experienced instruction within 
this collective provides support for Horn’s (2008) conclusions that “a rigorous 
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common curriculum coupled with the collective work of teachers to support students’ 
learning and advancement provides more resources for students to develop identities 
of mathematical competence” (p. 203, emphasis added). It further shows that the 
curricular organisation of mathematics education represents an “important resource 
for the identity formation that is part of learning in school” (p. 203).  
8.6 Summary 
In this chapter, I have described practices enacted by Mrs Kelly and Mrs Roberts 
during sharing solutions in the CoPs. This description has once again enabled 
identification of forms of pedagogy enacted by Mrs Kelly and Mrs Roberts and the 
patterns of interaction that emerged during the enactment of those pedagogies. This 
has enabled me to discern the mathematical identities made available to students 
during sharing solutions in each of the CoPs. I have previously pointed out, however, 
that student experience of mathematics education in Years 1 and 2 involved 
participation in both Mrs Kelly and Mrs Roberts’ CoPs and the practices of both 
teachers shaped student development of mathematical identities. In Chapter 7, I 
formed the conclusion that the practices of Mrs Kelly and Mrs Roberts, when viewed 
as a collective, could be considered radical visible pedagogy. The analysis of data 
presented in this chapter lends further support to that conclusion. 
 During the sharing of solutions, Mrs Kelly enacted a more invisible pedagogy 
with some visible elements, which has sometimes been described as radical visible 
pedagogy (Zevenbergen et al., 2004). Through her practice of inviting students to 
evaluate other students’ mathematical communication, Mrs Kelly’s practice on its 
own constituted radical visible pedagogy. This is because the patterns of interaction 
that emerged during this practice established symmetrical social relations. Mrs Kelly 
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enacted pedagogy with more relaxed framing but stronger classification as students’ 
reasoning was inspected and compared against the vertical discourse of mathematics. 
Mrs Kelly’s adoption of radical visible pedagogy, as well as invisible pedagogy with 
visible elements, enabled relational equity in the CoP and also promoted equitable 
outcomes by making certain features of mathematical discourse plain to all students, 
including those from backgrounds associated with low mathematical achievement.  
The pedagogy enacted by Mrs Kelly during the sharing of solutions privileged 
personal and collective forms of agency over disciplinary agency. Even though Mrs 
Kelly introduced some visible elements into her pedagogy, disciplinary agency was 
frequently presented as subordinate to other forms of agency. Mrs Kelly’s promotion 
of human forms of agency over disciplinary agency made available identities of 
agency and inclusion but may have functioned to make identities of competence less 
available to students, particularly those from backgrounds associated with low 
mathematical achievement.  
Mrs Kelly’s practice was complemented by that of Mrs Roberts. In Mrs 
Roberts’ CoP, disciplinary agency was privileged almost to the exclusion of other 
forms. By enacting a more visible pedagogy marked by tighter framing and stronger 
classification, Mrs Roberts made certain features of mathematical discourse available 
to students, especially students from backgrounds associated with low mathematical 
achievement. 
My conclusions about the complementary nature of the teacher participants’ 
practice were supported by the introduction of data generated during an individual 
interview with the principal of Mirabelle School. The principal had made an active 
choice to ensure that all students in Years 1 and 2 at Mirabelle experienced the 
teaching practices of both Mrs Kelly and Mrs Roberts. She had made an astute 
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assessment of the strengths of each teacher and had recognised the complementary 
nature of the teachers’ practices. Accordingly, she organised instruction so that the 
two teachers were jointly responsible for all students’ learning over a 2-year period. 
That is, she created a teacher collective (Horn, 2008). The teacher collective formed 
by Mrs Kelly and Mrs Roberts made available mathematical identities of competence, 
agency and inclusion. These identities underpin the broad range of capabilities that 
students are expected to develop as a result of participation in mathematics education. 
Accordingly, the availability of these mathematical identities is likely to have been a 
factor in the mathematical success of students at Mirabelle.  
 In Table 8.1, I have summarised the results of analysis presented in respect to 
the sharing of solutions in the CoPs, identifying the practices enacted by each teacher, 
along with the patterns of interaction evident as teachers and students engaged in 
those practices, the forms of pedagogy through which those patterns were established, 
the forms of agency privileged during interaction and the social relations produced as 
a result. The summary presented in this table maps the range of practices enacted by 
Mrs Kelly and Mrs Roberts during the sharing of solutions. 
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Table 8.1 
Practices, Patterns of Interaction and Pedagogies: Sharing solutions 
 
CoP 
 
Practice 
 
Patterns of interaction 
 
Form(s) of pedagogy 
 
Forms of agency 
 
Identities made available 
Mrs Kelly Engaging students in sharing 
mathematical solutions 
Open-ended questioning 
Revoicing 
(More) invisible 
pedagogy  
Radical visible pedagogy 
Personal 
Collective 
Disciplinary 
Identities of competence, 
agency and inclusion 
Mrs Roberts Engaging students in sharing 
mathematical solutions 
Univocal communication (More) visible Disciplinary Identities of competence 
Mrs Kelly Prompting students to 
explain/justify mathematical 
reasoning 
Open-ended questioning 
Revoicing 
Radical visible pedagogy Disciplinary 
Personal 
Identities of competence, 
agency and inclusion 
Mrs Kelly Inviting students to evaluate 
others’ math communication 
Exploratory talk Radical visible pedagogy Personal 
Disciplinary  
Identities of competence, 
agency and inclusion 
Mrs Kelly Evaluating group 
performance 
Open-ended questioning 
Revoicing 
(More) visible pedagogy Disciplinary 
Collective 
Identities of competence, 
agency and inclusion 
Mrs Roberts Evaluating individual student 
performance 
Univocal communication (More) visible pedagogy Disciplinary Identities of competence 
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Chapter 9: Conclusions 
The aim of this research was to explain how the teachers at Mirabelle School 
contributed to the mathematical achievement of young students at the school, a high 
proportion of whom were from backgrounds associated with low mathematical 
achievement. I have taken the position that learning mathematics is a process of 
identity production (Zevenbergen, et al., 2004). In line with this position, 
understanding the success of Mirabelle School has involved investigating how 
practices observed in the CoPs made available mathematical identities associated 
with equitable outcomes (Esmonde, 2009; Graven & Buytenhuys, 2011; Solomon, 
2009) and relational equity (Boaler, 2008). These are identities of competence (Horn, 
2008), agency (Anderson & Gold, 2006) and inclusion (Solomon, 2009).  
9.1 Teacher practices and mathematical identities 
In this thesis, I have outlined a range of teacher practices observed in the CoPs, in 
which all students participated over the course of two years (Figure 9.1). I have also 
described the forms of pedagogy constituted by these practices and the types of 
student agency promoted as a result of student engagement in certain practices. In 
doing so, I have revealed relationships between pedagogies and student outcomes in 
the form of mathematical identities made available to students because of their 
participation in the CoPs. Mathematical identities are likely to be most productive 
when they combine disciplinary agency with other forms of agency (Boaler, 2003; 
Brown & Redmond, 2008; Grootenboer & Jorgensen (Zevenbergen), 2009). 
Structuring mathematics teaching and learning so that personal and collective forms 
of agency are promoted in addition to disciplinary agency, as occurred in Mrs 
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Collective 
FORMS OF AGENCY 
PRIVILEGED 
PATTERNS OF INTERACTION 
Personal 
Collaboratiive group 
investigation 
(Invisible) 
Identifying 
mathematics to be 
learned 
(Visible) 
Specifing methods 
(Visible) 
Building shared understanding 
of experience 
(Visible) 
Introducing open-
ended problems  
(Invisible) 
Independent task 
completion 
(Visible) 
Demonstration and 
expanation (VIsible) 
Sharing control over 
method selection 
(Invisible) 
Correcting results 
(Visible) 
Sharing solutions 
(Radical Visible) 
Prompting 
explanation or 
justification 
(Radical visible) 
Involving students in 
evaluation of others' 
reasoning 
(Radical visible) 
Evaluating group 
performance 
(Visible) 
Evaluting individual 
performance 
(Visible) 
PRACTICES 
(Pedagogies) 
Univocal communication 
Revoicing 
Individual as proxy 
Open-ended questioning 
Exploratory talk 
Disciplinary 
Figure 9.1. Teacher practices observed in the CoPs. 
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Kelly’s CoP represents markedly different practice from that typical of most 
mathematics classrooms. Typically, mathematics classrooms dissuade expressions of 
student agency, expecting students to “surrender” (Wagner, 2007, p. 43) to the 
established rules of mathematical discourse, or “disciplinary agency” (Pickering, 
1995, p. vi). By adopting a pedagogical style with relaxed framing, Mrs Kelly shared 
authority over what constituted legitimate mathematical communication among 
participants in her CoP.  Relaxing the framing of pedagogy in Mrs Kelly’s CoP made 
mathematical identities of agency and inclusion available to students. However, 
identities of mathematical competence were not neglected. Mrs Kelly frequently 
introduced visible elements into her pedagogy. Often, these visible elements worked 
to make the “ground rules” (Mercer & Hodgkinson, 2008, p. 55) of social conduct 
plain to students, as in the case of her explicit teaching of dialogic strategies. At other 
times, she articulated explicit features of the vertical discourse of mathematics. 
However, personal and collective agency was privileged over disciplinary agency in 
Mrs Kelly’s CoP. 
 Conversely, Mrs Roberts structured teaching and learning in her CoP around 
the individual practice of mathematical skills and procedures. Personal and collective 
agency was not actively encouraged. Rather, students were encouraged to surrender 
to the disciplinary agency of mathematics as they learned to comply with instructions 
to complete mathematical procedures according to identified methods. The 
privileging of disciplinary agency evident in Mrs Roberts’ CoP is typical of 
traditional rather than reform-oriented approaches mathematics education as is the 
adoption of visible pedagogies (Lubienski, 2004; Owens, 2005). However, while the 
more visible pedagogy enacted by Mrs Roberts was traditional, that does not mean 
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that it was in no way progressive. Nor does it mean that it was not associated with 
the positive outcomes achieved by young students at Mirabelle School.  
Ample evidence exists that demonstrates the value of visible pedagogies in 
making mathematical identities of competence available to students from 
backgrounds associated with low mathematical achievement (e.g., Bourne, 2004; 
Fong, 2006; Lubienski, 2004; Skukaukaite, 2012). At Mirabelle School, the strong 
promotion of disciplinary agency by Mrs Roberts served an important and valuable 
purpose. By making the rules of the vertical discourse of mathematics apparent to 
students and ensuring their technical competence (visible pedagogy), Mrs Roberts 
provided a basis for the inspection and comparison of mathematical methods. Mrs 
Roberts’ practice here complemented that of Mrs Kelly, whose promotion of 
personal and collective agency made it possible for students to propose alternative 
solutions to problems. However, despite Mrs Roberts’ visible pedagogy enabling the 
inspection of mathematical methods, this does not mean that visible pedagogy should 
be viewed as a good thing in itself, as I will now explain.  
 More visible pedagogy of the type enacted by Mrs Roberts is often presented 
as supportive of equitable outcomes for students from backgrounds associated with 
low mathematical achievement. This is because visible pedagogies make the “ground 
rules” of communication explicit (Mercer & Hodgkinson, 2008, p. 55), allowing 
students to discern the evaluative rules for mathematical performance and more 
easily understand what is required to be considered competent. However, while the 
visible pedagogies enacted by Mrs Roberts during task introduction may have made 
the epistemic criteria underpinning mathematics plain to students, this does not mean 
that her more visible pedagogies made identities of inclusion available to students. In 
fact, the more visible pedagogy enacted by Mrs Roberts during task introduction 
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often appeared to exclude student perspectives through an overt privileging of 
disciplinary agency. This situation, where the rules governing communication in the 
CoP are made more visible, but are unsupportive of relational equity, is precisely the 
situation Hugo, Bertram, Bloom and Naidoo (2008) warned about when they 
challenged the prevailing tendency to describe more visible pedagogies as more 
suited to the needs of students from backgrounds associated with low mathematical 
achievement.  
 As Hugo et al. (2008) pointed out, rules that establish asymmetric power 
relations cannot be considered progressive or supportive of equitable outcomes for 
students in the long term, even when those rules are clearly visible. To illustrate their 
point-of-view, Hugo et al. (2008) drew attention to the social rules associated with 
the practice of apartheid in South Africa. These rules were highly visible and it was 
clear to all against what criteria social participation was to be judged. However, this 
did not make the rules themselves in any way supportive of equity. Hugo et al. 
(2008) showed that visible pedagogies are not inherently progressive. Analysis of 
task introduction in the CoPs appears to provide some (qualified) justification for 
that conclusion.  
 Mrs Roberts’ more visible pedagogy made mathematical identities of 
competence available to students, but these identities were restricted to a narrow 
form of technical competence based on deferral to the disciplinary agency of 
mathematics. The form of pedagogy enacted by Mrs Roberts to assert the 
disciplinary agency of mathematics was highly visible, strongly classified and 
strongly framed (Bernstein, 2000). Through closed questioning, Mrs Roberts 
specified and maintained the boundary strength of mathematics. Her use of closed 
questioning also established asymmetrical relations of power, with Mrs Roberts 
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retaining strict control of mathematical communication and allocating students a 
passive role in classroom communication (Bourne, 2004; Lubienski, 2004). This had 
the effect of privileging disciplinary agency over human agency, both individual and 
collective. Mrs Roberts’ more visible pedagogy did not privilege individual or 
collective forms of agency, leaving mathematical identities of agency and inclusion 
largely unavailable to students in her CoP. 
 If this thesis were simply about comparing the practice of these two teachers, 
it would show that one teacher (Mrs Roberts) enacted pedagogy considered 
‘traditional’ in early mathematics education, while the other (Mrs Kelly) enacted 
pedagogy associated with mathematics education reform. The first of these forms of 
pedagogy, Mrs Roberts’ more visible pedagogy, has been shown to be supportive of 
mathematical identities of competence, but not mathematical identities of agency and 
inclusion. Mrs Kelly’s pedagogy, however, is more supportive of mathematical 
identities of agency and inclusion, and less supportive of identities of mathematical 
competence.  This thesis is not about comparing and contrasting the practice of these 
teachers, but about explaining how the practices of both contributed to the positive 
achievement of young students at Mirabelle School. The crucial point to make here is 
that the practices of these two teachers were interconnected.  
9.2 The teacher collective 
Because students experienced mathematics education in both CoPs over the 
course of their first two years at Mirabelle School, often in a single week, it is clear 
that student mathematical identity development was shaped by participation in both 
CoPs. Mrs Kelly and Mrs Roberts formed a teacher “collective” (Horn, 2008, p. 
201), jointly enabling students to experience and exercise disciplinary, personal and 
collective agency.   
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 I do not mean to suggest that all practices enacted in the CoPs were equally 
valuable. Neither do I suggest that all practices worked in a complementary fashion 
to create an environment in which students were encouraged to exercise the forms of 
agency supportive of mathematical identities of competence, agency and inclusion. 
However, being invited to exercise disciplinary, personal and collective agency did 
have a positive effect on the mathematical achievement of students at Mirabelle 
School. When viewed as a collective, the practices of Mrs Roberts and Mrs Kelly 
formed radical visible pedagogy (Bourne, 2004; Lubienski, 2004). Radical visible 
pedagogies explicitly acknowledge the teacher’s authority and responsibility to 
transmit important cultural knowledge but allow teachers and students to negotiate 
the space between students’ real life experiences and the disciplinary knowledge that 
comprises cultural capital. In so doing, they become a site at which the exercise of 
both disciplinary and individual agency is made possible. The conclusion that can be 
drawn here is that radical visible pedagogy does not have to be achieved by a single 
teacher, but can be the product of a teacher collective. Also, young students’ 
mathematics education can and should include opportunities for students to exercise 
all forms of agency identified here. Ideally, this occurs in an environment marked by 
relational equity, achieved through the enactment of radical visible pedagogy. When 
considered together, Mrs Kelly and Mrs Roberts’ CoPs practices formed such a 
pedagogy.  
9.3 Limitations of the study 
There were a number of potential and actual limitations of the design that warrant 
consideration. Here, I address the potential limitations first. The adoption of 
categorising strategies to describe research phenomena held certain risks within the 
case study design. As the purpose of the case study is to reveal what is particular 
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about a case or cases, dealing in categories of data – especially across cases – can 
degrade the description of any one case (Maxwell & Miller, 2008). I guarded against 
this by taking care not to decontextualize practice by referring to categories of data in 
isolation from actual exemplars of practice in the CoPs. I was aided in this work of 
contextualising practice by the strategy of presenting narrative exemplars, or excerpts 
of transcripts, within the case records. Second, the case study design is not 
supportive of generalisation, a feature that might seem to act against its effectiveness 
as a vehicle for critical research. However, by diligently applying the theoretical 
framework to the task of interpreting that research data, I have sought to address this 
limitation and ensure the transferability of research findings. Because the study 
focuses on social practices in the CoPs, a limitation of the design was that it cannot 
contribute knowledge about how students’ conceptual understandings of 
mathematics changed over time. Also, as the teacher participants were not observed 
delivering lessons addressing the topic of Chance and Data, I am unable to comment 
on their practice in this area. 
Another limitation of the study that I point out here relates to the limited use 
some forms of data generated. To provide a comprehensive response to the research 
question, the thesis relies heavily on classroom observation, and, to a lesser degree, 
interview data. However, interview data generated included some extremely rich 
artefacts – in particular, concept maps co-constructed by the teacher participants and 
researcher during semi-structured interviews. These concepts maps have been 
presented in a previous publication (Sawyer, 2005) but the audience for this 
publication was limited. The inclusion of the maps in the thesis was outside the scope 
of this study. However, a deeper examination of these data could provide additional 
insights into the development of ‘radical visible’ research methodologies, where 
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recognition rules for reading the research phenomenon are made visible to research 
participants, who actively co-construct representations of their own practices. 
9.4 Contribution to knowledge 
This study addresses the constant need to explain what it is that effective teachers of 
mathematics do in practice. In a review of research (see Section 2.1.5) into the role 
of teachers in enabling productive classroom discussion, Walshaw and Anthony 
(2008) noted that “many studies offered detailed explanations of student outcomes 
related to specific teaching practices yet failed to draw conclusive evidence about 
how those outcomes related to specific teaching practices” (p. 519). I address this 
gap by applying theory to develop the “rigorous explanation” (Walshaw & Anthony, 
2008, p. 519) that is called for to explain relationships between teacher practices 
(Figure 9.1), equitable outcomes and relational equity (Chapters 6, 7 and 8). 
The second contribution that I note here relates to the role of the teacher 
collective in shaping the development of student mathematical identities. Solomon 
(2009) points out that mathematical identities are formed over time and through 
participation in a number of CoPs, not all of which are at school. The mathematical 
identities that students ultimately form represent the “nexus of [students’] 
multimembership” in various CoPs (Wenger, 1998, p. 60). This study shows that 
students’ participation in the two CoPs meant that they experienced a form of radical 
visible pedagogy productive of both equitable outcomes and relational equity (see 
Sections 7.6 and 8.5). This participation was carefully crafted by the school 
principal, who organised the school timetable so that students would experience both 
teachers’ pedagogies.  
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The principal manipulated students’ experiences of mathematics education so 
that all students had opportunities for explicit instruction in the ground rules of 
mathematical discourse, especially its procedural aspects (more visible pedagogy) in 
Mrs Roberts’ CoP (see Section 9.5). All students also had opportunities to apply 
those rules in the context of open-ended mathematical investigations (more invisible 
pedagogy) in Mrs Kelly’s CoP. As a result of participating in both CoPs over two 
years at Mirabelle School, all students in Years 1 and 2 experienced visible and 
invisible pedagogies, pedagogies that made available identities of competence, 
agency and inclusion. All of these identities are necessary to the development of 
numeracy that encompasses both procedural competence, the ability to apply 
mathematical learning to the solution of unfamiliar problems and a productive 
disposition towards mathematics. I conclude, from my observations of students’ joint 
participation in Mrs Kelly’s and Mrs Roberts’ CoPs, that availability of different 
mathematical identities in the CoPs meant that students were presented with a wider 
range of identity resources than they would have been if they had participated in only 
one of the CoPs. This is not to say the teachers were equally effective, or that the 
arrangement was ideal. The teachers formed a collective only in that they both 
worked with the same students. The data showed that they did not capitalise on 
opportunities to make connections between practices in the CoPs. The teachers did 
not collaborate on the planning of student experiences or discuss the transfer of 
mathematical learning between classes.  Nevertheless, there were occasions where 
students themselves exercised agency and made these connections themselves (see 
Section 7.3).  This suggests that teacher practices in the two CoPs had at least a 
cumulative effect, one that could usefully be explored with further research. 
 Chapter 9: Conclusions 301 
Drawing the conclusion, as I have done here, that teacher collectives hold the 
potential to make available more identity resources than single teachers, the role of 
school leadership in organising curriculum delivery becomes especially important. 
The principal at Mirabelle School, by recognising that the practices of the teacher 
participants were productive of very different outcomes, structured teaching and 
learning for students in Years 1 and 2 so that they had maximum opportunity to take 
up identities of competence, agency and inclusion. On the basis of the findings, the 
drive for principals to focus on teacher improvement might reasonably be revisioned 
and take shape as a drive to build powerful teacher collectives in which teachers 
enact distinct but complementary practices – ideally supportive of both equitable 
outcomes and relational equity. Future research could profitably explore how teacher 
collective practice could be actively designed to make mathematical identities of 
competence, agency and inclusion available to students – perhaps using a design 
experiment. Such research could explore how student learning is influenced when 
teachers themselves view themselves as engaged in collective practice and act 
accordingly, consciously seeking to enable students to make connections between 
practice in multiple CoPs. 
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Appendix 1. Glossary of Terms. 
 
Term 
 
Definition 
Agency After Hernandez & Iyengar (2001), agency refers to the 
capacity to plan, implement and evaluate the attainment of a 
goal. Agency can also be understood as ways of “being, 
seeing and responding”, as embedded in contextualised 
practice (Brown & Redmond, 2008, p. 101). 
 
Alignment Alignment is one of three modes of identification described 
by Lave and Wenger (1998) and later Wenger (2003, 2010) as 
involved in enabling a sense of belonging within members of 
a CoP. Through alignment, students come to identify with 
discourses related to practice in the CoP, but with wider 
currency. For example, in a mathematics classroom, 
alignment occurs when practice is brought into line with 
mathematics practised in other settings. 
 
Classification Classification is a Bernsteinian concept that refers to the 
relationship between categories of knowledge and the degree 
to which a knowledge category is insulated or separate from 
others (Bernstein, 2000). 
 
Disciplinary agency The concept of disciplinary agency refers to the agency 
inherent within a discipline itself. It is expressed in patterns of 
interaction associated with established conceptual structures, 
such as the adoption of standard methods and procedures 
(Pickering, 1995, 2008). 
 
Discourse In general sociological terms, a discourse is a mechanism for 
the structuring of social institutions, modes of thought, and 
individual subjectivities.  Here, I defer to Solomon’s (2008) 
definition of discourse as “recognised and accepting ways of 
being which draw on cultural models within a particular 
social situation.” 
 
Engagement Engagement is one of three modes through which individuals 
come to identify as members of a community of practice 
(Wenger, 2003, 2010). Through engagement, individuals are 
involved in practices that define membership of the CoP.  
 
Enterprise Enterprise is one of the forms of competence that defines 
participation in a CoP (Lave & Wenger, 1998; Wenger, 2003, 
2010). It refers to the business of a community of practice. 
That is, what members of the CoP and others view as the 
purpose of participation in the activities of that community. 
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Framing Framing is a Bernsteinian concept used to describe how 
relationships between knowledge categories are 
communicated. The strength of framing depends on who 
controls the selection, organisation, sequencing, pacing and 
evaluation of what constitutes legitimate knowledge 
(Bernstein, 2000).  
 
Horizontal 
discourse 
Horizontal discourse is a specialised knowledge discourse 
that is both weakly classified and weakly framed.  Horizontal 
discourse tends to be multi-layered, dependent on localised 
contexts and closely associated with daily life (Bernstein, 
2000). 
   
Identity Identity is the way that a person is recognised as “a certain 
type of person” by themselves and others (Gee, 2001, p. 100). 
Recognition can be on the base of speech, action, physical 
expression, dress, feeling, beliefs and values or tool use. 
Identity is not fixed, but cumulative.  
 
Imagination Imagination is one of three modes of identification described 
by Lave and Wenger (1998) and later Wenger (2003, 2010) as 
involved in enabling a sense of belonging within members of 
a CoP. Through imagination, members of a CoP construct 
images of themselves in relation to practice. 
 
Invisible pedagogy Invisible pedagogy is a concept developed by Bernstein 
(2000) to describe pedagogy marked by weak classification 
and weak framing. In invisible pedagogy, boundaries between 
knowledge categories are blurred and the selection, 
organising, sequencing, pacing and evaluation of what 
constitutes legitimate knowledge is apparently relaxed in 
favour of greater student control. 
 
Mathematical 
identities 
Mathematical identities are the ways in which one sees 
oneself and is seen by others in relation to the practice of 
mathematics (Horn, 2008). 
 
Mutuality Mutuality, also called “systems of mutual engagement” is one 
of three forms of competence named in Lave and Wenger’s 
(1998) and later Wenger’s (2003, 2010) theorisation of the 
CoP. Mutuality comprises the criteria and expectations that 
dictate social behaviour in a CoP, thereby constituting social 
relations and involved in the distribution of power. 
 
Pedagogic 
discourse 
Discourse in which rules about what is to be learned and how 
it is to be learned and evaluated, combine to regulate 
communication within a teaching/learning relationship 
(Bernstein, 2000). 
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Pedagogic relation The relationship between teacher and student (Bernstein, 
2000). 
 
Pedagogy Pedagogy is what is done to transmit specialised knowledge 
to a student (Bernstein, 2000). 
 
Radical pedagogies Pedagogies that focus on collective access to valued forms of 
knowledge (vertical discourses) as students work together to 
learn the contents and applications of these discourses.  Rules 
of pacing, sequencing and evaluation are relaxed to allow 
greater interaction between vertical and horizontal discourses 
(Bernstein, 2000). 
 
 
 
Radical visible 
pedagogy 
Radical pedagogies incorporate elements of visible 
pedagogies. Classification is strengthened, with the rules of 
vertical discourse made explicit.  Selection, pacing, 
sequencing, organisation and evaluation of what constitutes 
legitimate knowledge are relaxed to allow greater interaction 
between students and teachers, but teacher retains authority 
and responsibility for transmission of important cultural 
knowledge (Bourne, 2004).  
 
Regulative 
discourse 
Rules of social order (social norms) that determine how 
specialised discourse will be communicated. Influences 
whether the framing of particular pedagogies will be weak or 
strong (Bernstein, 2000). 
 
Relational equity Relational equity is evident when relationships played out 
during learning and teaching are genuinely respectful and 
mutually supportive, reflecting relatively symmetrical 
relations of power (Boaler, 2008). 
 
Shared repertoire The shared repertoire is one of three forms of competence that 
define legitimate participation in the CoP (Lave & Wenger, 
1998; Wenger, 2003, 2010). It is comprised of resources 
needed to pursue the enterprise of the CoP, including 
symbols, tools, techniques, traditions and standards. In 
mathematics, mathematical procedures and symbols form part 
of the shared repertoire of mathematicians.  
 
Snapshot lessons Lessons summarised in Chapter 5 to contextualise data 
analysis. Two snapshot lessons are presented, one from each 
CoP. 
 
Sociocultural 
norms 
Sociocultural norms are the stable social practices or patterns 
of interaction associated with legitimate participation in a 
community of practice. 
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Specialised 
discourse 
Specialised discourse is the discursive code that defines the 
parameters of a particular field of activity. It is made up of 
rules and resources and regulates social relations and 
individual consciousness (Bernstein, 2000). 
Specialised identity A specialised identity is an identity position taken up as a 
result of identification with a specialised discourse (Bernstein, 
2000).  For example, a competent user of mathematics has 
taken up the specialised identity of 'mathematician' through 
their involvement in the construction and reconstruction of 
the specialised discourse. 
 
Symbolic control Symbolic control determines what is legitimate knowledge 
within the learning/teaching environment (Bernstein, 2000). 
Through symbolic control, power is distributed via the 
production and reproduction of specialised discourse 
(Bernstein, 2000). 
 
Vertical discourse A vertical discourse is a strongly classified, strongly framed 
discourse of specialised knowledge with a coherent and 
explicit structure (Bernstein, 2000). Vertical discourses are 
governed by systematic principles and organised 
hierarchically.  
 
Visible pedagogy Visible pedagogy is pedagogy marked by strong classification 
and strong framing (Bernstein, 2000). Within visible 
pedagogy, boundaries between knowledge categories are 
clearly marked and the teacher retains control over the 
selection, organisation, sequencing, pacing and evaluation of 
what constitutes legitimate knowledge. 
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Appendix 2. Ethical clearance documentation. 
 
19/11/12 3:28 PMConfirmation of Level 1 ethical clearance - 3986H - Outlook Web Access Light
Page 1 of 2file:///Users/abigailsawyer/Desktop/Confirmation%20of%20Level%2…nce%20-%203986H%20-%20Outlook%20Web%20Access%20Light.webarchive
Type here to search This Folder Address Book Options Log Off
 Mail
 Calendar
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Ethics (1)
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Personal (14)
PhD Administration (5)
Publications
Resources
Manage Folders...
 Reply  Reply to All  Forward  Move  Delete Close  
Confirmation of Level 1 ethical clearance - 3986H
Wendy Heffernan [w.heffernan@qut.edu.au]
Sent: Monday, 9 May 2005 5:44 PM
To: Abigail Sawyer
Cc: Sue Grieshaber; Carmel Diezmann
Dear Abigail
I write further to the application for ethical clearance requested for your project, "Education for mathematical literacy: investigating the
new basics" (QUT Ref No 3986H).
On behalf of the Chair, University Human Research Ethics Committee (UHREC), I wish to confirm that the project qualifies for Level 1
(Low Risk) ethical clearance, subject to:
provision of a copy of the test instruments, interview questions and focus groups discussions; and
provision of a copy of approval from Education Queensland and the school principal for the research to be conducted at the
school.
However, you are authorised to immediately commence your project on this basis. This authorisation is provided on the strict
understanding that the above information is provided prior to the commencement of data collection. 
The decision is subject to ratification at the 14 June 2005 meeting of UHREC. I will only contact you again in relation to this matter if the
Committee raises any additional questions or concerns in regard to the clearance.
        
The University requires its researchers to comply with:
the University?s research ethics arrangements and the QUT Code of Conduct for Research;
the standard conditions of ethical clearance;
any additional conditions prescribed by the UHREC;
any relevant State / Territory or Commonwealth legislation;
the policies and guidelines issued by the NHMRC and AVCC (including the National Statement on Ethical Conduct in Research
Involving Humans).
Please do not hesitate to contact me further if you have any queries regarding this matter.
Regards
Wendy
University Human Research Ethics Committee
Information in relation to ethical clearance
What is the duration of my ethical clearance?
The ethical clearance awarded to your project is valid for three years commencing from 9 May 2005. Recruitment, consent and data
collection / experimentation cannot be conducted outside the duration of the ethical clearance for your project.
Please note that a progress report is required annually on 9 May or on completion of your project (whichever is earlier). You will be issued
a reminder around the time this report is due. The progress report proforma can be located under Forms on the University Research
Ethics webpage.
Extensions to the duration of your ethical clearance within the 3-5 year limit must be made in writing and will be considered by the Chair
under executive powers. Extensions beyond 5 years must be sought under a renewal application.
Standard conditions of approval
The University?s standard conditions of approval require the research team to:
1.      conduct the project in accordance with University policy, NHMRC / AVCC guidelines and regulations, and the provisions of any
relevant State / Territory or Commonwealth regulations or legislation;
2.      respond to the requests and instructions of the University Human Research Ethics Committee (UHREC) 
3.      advise the Research Ethics Officer immediately if any complaints are made, or expressions of concern are raised, in relation to the
project;
4.      suspend or modify the project if the risks to participants are found to be disproportionate to the benefits, and immediately advise
the Research Ethics Officer of this action;
5.      stop any involvement of any participant if continuation of the research may be harmful to that person, and immediately advise the
Research Ethics Officer of this action;
6.      advise the Research Ethics Officer of any unforeseen development or events that might affect the continued ethical acceptability of
the project;
7.      report on the progress of the approved project at least annually, or at intervals determined by the Committee;
8.      (where the research is publicly or privately funded) publish the results of the project is such a way to permit scrutiny and contribute
to public knowledge; and
9.      ensure that the results of the research are made available to the participants.
Modifying your ethical clearance
The University has an expedited mechanism for the approval of minor modifications to an ethical clearance (this includes changes to the
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Appendix 3. Approval to Conduct Research: Department of Education and 
the Arts 
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Appendix 4. Consent forms. 
 
Education for mathematical literacy 
 
TEACHER CONSENT FORM 
 
Research Investigator: Abigail Sawyer - Email ae.sawyer@qut.edu.au or 
Telephone:  3864 3590 
 
 
Statement of consent 
 
By signing below, you are indicating that you: 
 
• have read and understood the information package about this project; 
 
• have had any questions answered to your satisfaction; 
 
• understand that if you have any additional questions you can contact the research 
investigator or her supervisor; 
 
• understand that you are free to withdraw at any time, without comment or penalty; 
 
• understand that if you have any concerns about the ethical conduct of the project you 
can contact QUT’s Research Ethics Officer on 3864 2340 or ethicscontact@qut.edu.au   
 
• understand that you will be videotaped and interviewed during the research project, 
and that samples of your planning and students’ work may be collected; 
 
• agree to participate in the project. 
 
I consent to participate in the Education for Mathematical Literacy Research Project.  I 
understand that I am free to withdraw my consent at any time during the project, that any 
information or personal details gathered in the course of this research are confidential and that 
neither my name or any other identifying information will be used or published without written 
permission.  
 
Name:_________________________________________________________ 
Signature: ____________________________________Date: ___________ 
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In addition to seeking consent for your participation in the project, I am also seeking your 
consent to use videotape or work samples collected during the study in publications, for 
teacher education, or during conference presentations. Children and teachers whose images 
or work samples are used in publications or presentations will remain anonymous, and the 
identity of their school will be disguised. 
 
By signing below, you are indicating that you: 
 
• consent to the use of your image and work samples in publications, for teacher 
education, or during conference presentations. 
 
I give permission for my image, or work samples produced by me, to be used by the Education 
for Mathematical Literacy Research Project in publications, for teacher education, or during 
conference presentations. 
 
Name: ___________________________________________________ 
Signature: ____________________________________Date: _________ 
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Education for mathematical literacy 
 
CONSENT FORM:  SCHOOL PRINCIPAL 
 
Research Investigator: Abigail Sawyer - Email ae.sawyer@qut.edu.au or 
Telephone:  3864 3590 
 
 
Statement of consent 
 
By signing below, you are indicating that you: 
 
• have read and understood the information package about this project; 
 
• have had any questions answered to your satisfaction; 
 
• understand that if you have any additional questions you can contact the research 
investigator or her supervisor; 
 
• understand that you are free to withdraw at any time, without comment or penalty; 
 
• understand that if you have any concerns about the ethical conduct of the project you 
can contact QUT’s Research Ethics Officer on 3864 2340 or ethicscontact@qut.edu.au   
 
• understand that you will be interviewed during the research project; 
 
• agree to participate in the project. 
 
I consent to participate in the Education for Mathematical Literacy Research Project.  I 
understand that I am free to withdraw my consent at any time during the project, that any 
information or personal details gathered in the course of this research are confidential and that 
neither my name or any other identifying information will be used or published without written 
permission.  
 
Name: _________________________________________________________ 
Signature: ____________________________________Date: ________ 
 
 
In addition to seeking consent for your participation in the project, the university is also 
seeking your consent to use video tape or work samples collected during the study in 
publications, for teacher education, or during conference presentations. Children and 
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teachers whose images or work samples are used in publications or presentations will 
remain anonymous, and the identity of their school will be disguised. 
 
By signing below, you are indicating that you: 
• consent to the use of your image and work samples in publications, for teacher 
education, or during conference presentations. 
 
I give permission for my image, or work samples produced by me, to be used by the Education 
for Mathematical Literacy Research Project in publications, for teacher education, or during 
conference presentations. 
 
Name: _______________________________________________________ 
Signature: ____________________________________Date: ________ 
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Education for mathematical literacy 
 
PARENT/GUARDIAN CONSENT FORM 
 
Research Investigator: Abigail Sawyer - Email ae.sawyer@qut.edu.au or 
Telephone:  3864 3590 
 
 
Statement of consent 
 
By signing below, you are indicating that you: 
 
• have read and understood the information package about this project; 
 
• have had any questions answered to your satisfaction; 
 
• understand that if you have any additional questions you can contact the research 
investigator or her supervisor; 
 
• understand that your child is free to withdraw at any time, without comment or 
penalty; 
 
• understand that if you have any concerns about the ethical conduct of the project you 
can contact QUT’s Research Ethics Officer on 3864 2340 or ethicscontact@qut.edu.au   
 
• understand that your child may be videotaped during the research project, and that 
samples of their work may be collected; 
 
• agree to your child’s participation in the project. 
 
 
I give permission for my son/daughter 
_________________________________________________________ in Class 
_________________ to participate in the Education for Mathematical Literacy Research 
Project.  I understand that I am free to withdraw my consent at any time during the project, that 
any information or personal details gathered in the course of this research are confidential and 
that neither my child’s name or any other identifying information will be used or published without 
written permission.  
 
Name: ___________________________________________________ 
Signature: __________________________________Date: _____________ 
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In addition to seeking your consent for your child’s participation in the project, I am also 
seeking your consent to use videotape or work samples collected during the study in 
publications, for teacher education, or during conference presentations. Children and 
teachers whose images or work samples are used in publications or presentations will 
remain anonymous, and the identity of their school will be disguised. 
 
By signing below, you are indicating that you: 
 
• consent to the use of your child’s image and work samples in publications, for 
teacher education, or during conference presentations 
 
I give permission for images of, and work samples produced by, my 
son/daughter_______________________ in Class _________________ to be used by the 
Education for Mathematical Literacy Research Project in publications, for teacher 
education, or during conference presentations. 
 
Name:_________________________________________________________ 
Signature:____________________________________Date: ____________ 
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Appendix 5. Data collection log. 
 
  
    1 2 3 4   5 6 7 8 9 10 11 12 13 14 
TOTA
L 
  
Aug 15 Aug 22 Aug 29 Sep 5 School 
holidays 
Sept 26 Oct 3 Oct 10 Oct 17 Oct 24 Oct 31 Nov 7 Nov 15 Nov 22 Nov 29 (Hours) 
CoP Data 
               
 
Mrs 
Kelly’s 
Classroom 
observation 1.25 4 1.5 5.25 
 
4 2.75 1 2.5 2.75 3 2.75 1.5 1.5 
 
33.75 
 
Interview 
       
1 1 
 
1 1 
  
1 4 
                                    
Mrs 
Roberts’ 
Classroom 
observation 3 3 3 0 
 
1.5 1.5 6 1.5 1.5 1.5 3 3 1.25 
 
29.75 
 
Interview 
      
1 
   
1 
 
1 
 
1 4 
                  
 
Running 
records                 
 
Video data 
captured                 
 
Audio data 
captured                 
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Appendix 6. Summary of lessons observed. 
Week 1 2 3 4 5 6 7 
 MRS KELLY August 15, 2005 August 22, 2005 August 29, 2005 September 5, 2005 September 26, 2005 October 3, 2005 October 10, 2005 
Monday Symmetry:  
Making bats 
(Years 1/2) 
1. Discussion: Ordinal 
numbers. 
2.  Students make 
symmetrical 
representations of bats 
3. Discussion: Explain and 
justify choice of method. 
 
Batty maths: 
Multiplication 
(Years 1/2) 
1.  Students create 
mathematical models 
representing forest (arrays). 
2. Students' evaluate one 
another's representations. 
3.Multiplication: Inverse 
relationship. 
 
No Observations taken Froggy maths 
(Years 1/2) 
Measurement 
1. Groups allocated different 
mathematical tasks. 
2. Groups work collaboratively 
to investigate 
3. Exploratory talk. 
4. Groups report findings. 
 
Volume: The Crow and the 
Pitcher  
(Years 1/2) 
1. Practise skip counting. 
2 Collect stones 
3. Hypothesis testing: How 
many stones to raise water 
level? 
Culture maths 
(Years 1/2) 
Lesson:  Pattern 
1. Acting out AB patterns 
2. Students identify 
patterns around room. 
No observations taken 
Tuesday   Fitness maths: Number 
(Year 1) 
1.  Students play game 
attempting to throw ball 
through moving hoop. 
2.  Students record successful 
throws. 
3. Compare. 
Ten-pin bowling: Number 
(Year 1) 
1.  Teacher 
demonstrates addition 
algorithm 
2.  Students play ten pin 
bowling. 
3. Record attempts using 
addition algorithm. 
  27.07.05 
Culture maths 
(Year 1) 
Same/different 
1.Identify attributes of dolls 
same/different. 
2.. Method of recording 
number of throws: Tally 
sticks. 
Culture maths: Dolls 
(Year 1) 
1. Sharing circle: Discuss 
mathematical features of 
various dolls. 
Hans Christian 
Andersen's Amazing 
Cuttings 
(Year 1) 
Lesson: Symmetry 
1.Discussion: Symmetry. 
2. Students make  
symmetrical cuttings  
Other       8.09.05 
Philosophy:  Dinosaurs 
1.Generating questions. 
2. Providing reasons. 
3.  Disagreeing. 
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 Week 8 9 10 11 12 13 14 
MRS KELLLY Oct 17, 2005 Oct 24, 2005 Oct 31, 2005 Nov 7, 2005 Nov 15, 2005 Nov 22, 2005 Nov 29, 2005 
Monday Tangrams 
Lesson: Shape 
(Years 1/2) 
1. Discussion: How many 
pictures can you make with 
seven shapes? Introduces 
tangram. 
2. Group investigation 
3. Plenary. 
Monster Mask Shop 
(Years 1/2) 
1. Collage items pasted on 
blackboard. 
2. Price recorded next to each 
item. 
3. Students given a budget to 
buy materials for a mask. 
4. Students draw a plan for 
mask  
5. Students add together 
items to ensure on budget. 
 
Calendar maths 
(Years 1/2) 
Lesson: Measuring time 
1. Discussion origin of 
calendar. 
2. Students led through 
analysis of calendar to 
identify number patterns 
3. Students provided with 
calendar worksheet. 
4. Student fill in the 
blanks on the 
worksheets. 
 
Calendar maths continued 
Lesson: Measuring time 
1. Discussion: Number 
patterns on calendar (revise). 
2. Addition: What date if 7 
days after the 13th? 
3. Demonstration in sharing 
circle. 
4. Students work with 
individual calendars. 
 
 Snakes and Ladders 
(Years 1/2) 
1. Discussion: Games in 
different. 
2. Students describe how 
to play game encouraged 
to use direction words 
3. Teacher identifies 
mathematical operations 
involved in game 
(Addition and 
subtraction). 
3. Models game play with 
class. 
4. Groups play game. 
 
 
Tuesday Seeds and beads 
Lesson: Patterning 
1. Sharing circle: Students 
presented with task. 
2. Make patterned bead 
necklace using 12 beads. 
3. Students create mental 
models of patterns. 
4.Students share proposed 
design with others in 
sharing circle. 
5. Students' evaluate 
accuracy of one another's 
predictions. 
 
Odd and even 
(Year 1) 
Lesson: Number 
1. Discussion: Odd and even. 
2. Students in pairs. 
3. Count out groups of various 
numbers. 
4. Pair up to determine odd or 
even 
 
Cup Day 
(Year 1) 
1. Discussion: Patterns in 
environment. 
2. Teacher shows 
newspaper lift-out 
detailing patterns on 
Melbourne Cup riders. 
3. Task: Make your own 
patterned silk. 
4. Students make 
patterned waistbands. 
5. Running race: 
Compare fastest/slowest. 
 
 
 
 
 
Hit the Penny 
(Year 1) 
1. Review use of tally sticks to 
record scores. 
2. Teacher explains new 
games. 
3. Students play games and 
record scores using tally 
sticks. 
4. Discussion: Compare 
most/least. 
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Week 1 2 3 4 5 6 7 
MRS ROBERTS August 15, 2005 August 22, 2005 August 29, 2005 September 5, 2005 September 26, 2005 October 3, 2005 October 10, 2005 
Monday Money  
(Year 2) 
1. Group rotations 
2. Activities completed as 
per teacher direction 
3. T. evaluates. 
4. No plenary. 
 
Tens and ones 
(Year 2) 
1.  Closed questioning: Value 
of 2 digit numbers. 
2. T. models how to represent 
2 digit numbers using MAB. 
3. Students work 
independently to record how 
many tens and ones in series 
of 2 digit numbers on the 
chalkboard. 
4. Students bring work to T. 
for evaluation. 
 
Measuring: Body parts 
(Year 2) 
1. Closed questioning: 
Units of measurement 
2. Teacher specifies how 
to measure body parts 
(arbitrary units of 
measurement). 
3. Students measure and 
record. 
4. Plenary: Compare 
lengths of students’ body 
parts. 
NO OBSERVATIONS TAKEN 
AT TEACHER'S REQUEST 
 
Time 
(Year 2) 
1.  Closed questioning: 
Telling time 
2.Teacher specifies method 
of recording time on 
analogue clock. 
3.Students work 
independently to complete 
exercises recording time on 
analogue clocks. 
 
Time 
(Year 2) 
1. Closed questioning: 
Difference between 
digital and analogue 
clocks. 
2.Teacher specifies 
method of recording time 
on digital. 
3.Students work 
independently to 
complete exercises 
recording time on digital 
and analogue clocks. 
 
Money 
(Year 2) 
1. Group rotations 
2. Activities completed as 
per teacher direction 
3. Evaluated by T. 
4. No plenary. 
 
Tuesday Money: Shopping 
(Years 1/2) 
1. Closed questioning: 
Relative values of 
grocery items and 
reading prices 
3. Teacher models 
adding two amounts of 
money. 
4. Students work 
independently to 
complete exercises 
involving addition of 
monetary amounts. 
 
Measuring: All about me 
(Years 1/2) 
1. Teacher explains that class 
will use feet to measure 
distance. 
2. Students complete 
worksheet making estimates 
of distance 3 different sized 
balls might travel. 
3. Students work in pairs to 
check estimates, measuring 
actual distances travelled.  
4. Closed questioning: 
Distances travelled 
Working with money 
(Years 1/2) 
1. Closed questions: 
Attributes of coins 
2.  Students asked to 
make various amounts of 
money using coins. 
3. Students complete 
exercises in workbooks 
requiring them to draw 
coins needed to make 
specified amounts of 
money. 
 
NO OBSERVATIONS TAKEN 
AT TEACHER'S REQUEST 
 
NO OBSERVATIONS 
TAKEN AT TEACHER'S 
REQUEST 
 
NO OBSERVATIONS 
TAKEN AT TEACHER'S 
REQUEST 
 
12.10.05  
Time: All About Me 
(Years 1/2) 
1.Closed questioning: 
Telling time 
2.Teacher specifies 
method of recording time 
on analogue clock. 
3.Students work in 
groups to complete 
exercises recording time 
on analogue clocks. 
 
Other         
14.10.05 
Philosophy and 
environmental education 
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Week 8 9 10 11 12 13 14 
MRS ROBERTS Oct 17, 2005 Oct 24, 2005 Oct 31, 2005 Nov 7, 2005 Nov 15, 2005 Nov 22, 2005 Nov 29, 2005 
Monday Time 
(Year 2) 
1. Closed questioning re 
various methods of 
telling time 
2. Students record times 
on representations of 
analogue clocks 
(worksheet) 
3. Teacher evaluates 
individual performance. 
 
Tangrams 
(Year 2) 
1. Closed questioning: 
Features of 2D shapes. 
2. Textbook: Labelling shapes 
3. Draw and cut out tangrams 
4. Make pictures with tangram 
pieces. 
 
Measuring 
(Year 2) 
1. Teacher tells students 
that they will be 
measuring using hand-
spans 
2. Demonstrates how to 
fill record estimates of 
length on worksheet 
3. Students estimate 
length of various items 
shown on worksheet and 
record 
4. Students check 
measurements and 
record. 
 
Tessellating patterns 
(Year 2) 
1. Discussion: Describing 
patterns in book illustrations 
2. Describing patterns at 
home 
3. Teacher explains 
tessellation 
4. Students track around 
attribute blocks to create 
tessellating patterns. 
 
Addition 
(Year 2) 
1. Students seated in circle 
on carpet 
2. Teacher asks students to 
represent addition 
operation using unifix, eg 
"Get out 3 unifix, now get 
out 4 more. How many 
altogether?" 
3. Students copy and 
complete addition 
operations on chalkboard. 
 
Addition 
(Year 2) 
1. Teacher demonstrates 
using MAB to add two 2 
digit numbers. 
2. Students use MAB to 
represent addition 
operations on chalkboard 
and record results of 
operations in workbooks. 
3. Students bring work to 
teacher for correction. 
 
Tuesday NO OBSERVATIONS 
TAKEN AT TEACHER'S 
REQUEST 
 
NO OBSERVATIONS TAKEN 
AT TEACHER'S REQUEST 
 
NO OBSERVATIONS 
TAKEN AT TEACHER'S 
REQUEST 
 
9.11.05 
Patterns 
(Years 1/2) 
1. Discussion: Describing 
patterns 
2. Naming pattern AB  
3. Students complete patterns 
(worksheet). 
 
15.11.05 
(Year 1/2) 
Number patterns 
1. Teacher has sequences 
of numbers on chalkboard, 
with some gaps 
2. Closed questioning about 
what should be in gaps 
3. Teacher revoices 
answers to tell students 
how to work out number 
patterns. 
 
  
Other        
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Appendix 7. Overview of analysis: Patterns of interaction. 
Number of episodes patterns of interaction observed during coded lessons in Mrs Kelly’s CoP 
 
Measurement: Describing Frogs (Snapshot Lesson) 
(Pattern of interaction) Task introduction (n of episodes) Task completion (n of episodes) Sharing solutions (n of episodes) TOTAL 
Open-ended questioning 9 3 5 17 
Closed questioning 1 1 0 2 
Univocal communication 13 2 2 17 
Revoicing 4 4 5 13 
Cumulative talk 0 4 0 4 
Exploratory talk 1 6 0 7 
TOTAL 28 20 12 60 
 
Number and Chance/Data: The Crow and the Pitcher  
(Pattern of interaction) Task introduction (n of episodes) Task completion (n of episodes) Sharing solutions (n of episodes) TOTAL 
Open-ended questioning 13 0 0 13 
Closed questioning 9 2 7 18 
Univocal communication 16 7 3 24 
Revoicing 11 2 1 14 
Exploratory talk 7 7 0 14 
TOTAL 56 18 11 95 
 
Algebra lesson: Seeds and Beads 
(Pattern of interaction) Task introduction (n of episodes) Task completion (n of episodes) Sharing solutions (n of episodes) TOTAL 
Open-ended questioning 15 8 1 24 
Closed questioning 14 11 2 27 
Univocal communication 9 7 1 17 
Revoicing 8 10 2 20 
Exploratory talk 0 0 1 1 
TOTAL 46 36 7 89 
  
Space: The Shortest Way 
(Pattern of interaction) Task introduction (n of episodes) Task completion (n of episodes) Sharing solutions (n of episodes) TOTAL 
Open-ended questioning 6 1 0 7 
Closed questioning 4 3 0 7 
Univocal communication 16 6 0 22 
Revoicing 5 4 0 9 
Exploratory talk 12 2 1 15 
TOTAL 43 16 1 60 
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Number of episodes patterns of interaction observed during coded lessons in Mrs Roberts’ CoP 
 
Measurement: My Body (Snapshot Lesson) 
(Pattern of interaction) Task introduction (n of episodes) Task completion (n of episodes) Sharing solutions (n of episodes) TOTAL 
Open-ended questioning 0 0 1 1 
Closed questioning 1 2 16 19 
Univocal communication 17 2 7 26 
Revoicing 0 0 0 0 
Exploratory talk 0 0 1 1 
TOTAL 17 4 25 46 
 
Number: Tens and Ones 
(Pattern of interaction) Task introduction (n of episodes) Task completion (n of episodes) Sharing solutions (n of episodes) TOTAL 
Open-ended questioning 0 0 0 0 
Closed questioning 0 11 0 11 
Univocal communication 1 9 0 10 
Revoicing 0 2 0 2 
Exploratory talk 0 0 0 0 
TOTAL 1 22 0 23 
 
Algebra: Tessellating Patterns 
(Pattern of interaction) Task introduction (n of episodes) Task completion (n of episodes) Sharing solutions (n of episodes) TOTAL 
Open-ended questioning 3 0 0 3 
Closed questioning 39 0 0 39 
Univocal communication 21 1 0 22 
Revoicing 5 0 0 5 
Exploratory talk 4 0 0 4 
TOTAL 72 1 0 73 
 
Space: Tangrams 
(Pattern of interaction) Task introduction (n of episodes) Task completion (n of episodes) Sharing solutions (n of episodes) TOTAL 
Open-ended questioning 0 0 0 0 
Closed questioning 38 7 0 45 
Univocal communication 1 28 0 29 
Revoicing 20 1 0 21 
Exploratory talk 8 3 0 11 
TOTAL 67 39 0 106 
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Appendix 8. Sample of coding. 
Episode  Mathematical event Teacher practice Pattern of interaction 
13_ KL4.2 Mrs Kelly points to the handwritten sheet which describes the activity. 
Mrs Kelly: It says “How will you record your findings?” 
We’ve often talked about there’s different ways of recording your findings. 
Mrs Kelly holds up a sheet that has been divided into four sections.   
We can record it with pictures (pointing to the quadrant labeled “Pictures”), with symbols 
(pointing to the quadrant labeled “Symbols”)…Like Alan last week, when he made the line 
through the grid and he used little triangles to help us see the path…I’m talking about…. 
Task introduction Specifying methods Univocal communication 
16_ KL4.2 Jane:  I would say… 
Mrs Kelly:  What do you think? 
Courtney:  See Jane, that’s not the length of this. ‘Cause I measured from here to here, and 
that’s 27.  And I measured from here to here, and that’s not 27. 
The problem is you have to take some off and cut them down. 
 
Task completion Involving students in 
groupwork 
Exploratory talk 
17_KL4.2 Mrs Kelly:  No.  That’s not what Jane said. 
Jane discovered we had a centimetre too long. 
She’d worked out that you didn’t need as many of these. 
Jane, I don’t think the group understands. 
Courtney, do you know what Jane said? 
 
Task completion Involving students in 
groupwork 
Revoicing 
32_ KL4.2 Michael: First, what we were supposed to do was draw it on a time line. 
Mrs Kelly: Did you do that? 
Michael: Yep. 
Mrs Kelly: Then what? 
Michael: Then we drew the life cycle in pictures as well (Figure 8 & 9). 
Mrs Kelly:  Then tell them about the problem you encountered. 
Michael: By thinking of the frog’s life-cycle and thinking of how it moves on. 
Mrs Kelly: What was the problem with that? 
Michael does not answer, but looks at the chart, seeming perplexed. 
Mrs Kelly: They discovered it wasn’t accurate, because the spaces were not evenly spaced. 
Sharing solutions Prompting 
explanation/justification 
Revoicing 
 
 
